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Foreword 
This report on the use of lumber as a framing material for residential structures is concerned with 
the future potential of emerging trends in the home building industry rather than with past and current 
general practices. 
The analyses undertaken during the course of the research project are a logical extension of previous 
efforts of the industry which were coordinated in the Industry-Engineered House. 
It has frequently been stressed that full potentials of efficiency in use of materials have not been 
achieved in dwelling construction because of inattention to engineering design practices common for 
larger structures. However, since the end of World War II, with the growth of an alert and increasingly 
innovation-conscious home building industry, a marked improvement has become evident. 
Technical, economic and social changes have been reflected in new ways of family living, demanding 
residences basically different from those that satisfied family needs of a generation ago. 
With rega.rd to structural framing, many new systems or adaptations of existing systems have been 
used in an effort to determine comparative economies. Some systems have been carefully engineered. 
Others have evolved from a common sense modification of previous experience. 
This report is the first known effort at a comprehensive analysis of the many interrelated problems 
which confront the engineer in attempting to apply engineering design principles to wood frame dwelling 
structures. 
It indicates that progress has been handicapped by lack of agreement on design loads and by an 
inadequacy of data on the physical properties of many commonly used materials. 
By a clear setting forth of the problems, a course for future action is charted for fruitful investiga-
tions and developments. 
On a current basis, it concludes that the cost ~efficiency) of framing is influenced by: 
(a) Support of covering materials. (c) Integration of wall and roof framing. 
(b) Support of lateral (wind) loads. (d) Support of vertical loads. 
Other significant findings are: 
1. Coverings are most important influence in providing economical framing. 
2. For 2' 0" on center systems, span is the major influence. 
3. Economy of increased span is most important between 16' and 24'. Beyond 24' the rate 
of increased economy is small. 
4. Between 24' and 32' spans, the gable end in pitched roof systems reverses the economic trend. 
5. End walls and partitions accompL.sh lateral wall stability most economically. 
The research and studies forming the basis for this report (Research Project 1-T-118) were per-
formed by the University of Illinois Small Homes Council pursuant to a contract with the Office of the 
Administrator, Housing and Home Finance Agency, authorized under Title III of the Housing Act of 
1948, as amended. 
The project was under the direction of James T. Lendrum, Director, Small Homes Council. Willard 
J. Worth was Research Associate and Sydney B. Berry, Architectural Assistant. Other n1embers of the 
Small Homes Council staff and of the project staff whose contributions to the project deserve ~ention 
are: Leroy M. Cohen, I. T. Carrithers, and John M. King. Philip A. Randall, Chief, Construction 
Methods Section, Division of Housing Research, was staff technician for the Agency during the course of 
the research activity. 
The conclusions reached by the authors, it must be stressed, arc limited to the conditions of the 
investigations. Expressions of opinion in the report concerning uses of material and the relative m~rits 
of various framing systems are, of course, those of the Small Homes Council. 
JosEPH H. ORENDORFF, 
Director of Housing Research. 
Contents 
Foreword .. 
Chapter 
I. Objective and Scope of the Investigation 
Introduction 
Objective 
Scope .... 
II. Structural Considerations 
Summary .... 
Design Loads .. 
Working Stresses. 
Connections . . . 
The Structural Action of Houses . 
Systems Eliminated During Structural Analysis 
Page 
III 
1 
1 
1 
1 
7 
7 
8 
9 
11 
12 
13 
III. Architectural Considerations and Methods of Assembly . 19 
Summary . . . . . . 19 
Planning . . . . . . . . . . . . . . . . . . . 20 
Methods of Assembly. . . . . . . . . . . . . . 21 
Systen1s Eliminated During Architectural and Methods of Assembly Considerations 21 
IV. Cost Analysis . . . . . . 27 
Summary. . . . . . 27 
General Characteristics 28 
Limitations of the Cost Analysis . 28 
Method of Cost Estimating 29 
Results of Cost Analysis 31 
V. Construction Drawings . . . 43 
List of Member Sizes and Connections, and Cost of Components for 24-foot Spans 43 
VI. Materials and Labor Quantities and Costs 
Roof Component. 
Wall Component. 
Floor Component 
Foundations. . . 
Appendix 
A. Survey of Structural Systems . . . . . . . . . . . . 
B. Structural Considerations . . . . . . . . . . . 
C. Architectural Considerations and Methods of Assembly 
D. Supplemental Unit Costs . . . . . . . . . 
E. Curtain Wall Materials-Manufacturer's Data . . . . 
63 
64 
69 
72 
74 
77 
89 
110 
119 
124 
v 
CHAPTER I 
Db jective and Scope Of The Investigation 
Introduction 
One of the earliest methods of wood framing 
used for residential construction in this country 
was the mortised and tenoned frame. This was 
a time-consuming method of construction and 
about 1850 the balloon frame began to replace it. 
This change in framing technique was influenced 
by the need for more rapid construction and by 
the development of the wire nail. 
In more recent years, with the increase ir.~. 
popularity of the one-story house, the trenu has 
been toward the platform frame which allows 
such cost-saving techniques as tip-up wall con-
struction. 
Since World War II, the demand for further 
economy through better uses of material with less 
waste and more rapid site assembly has lead to 
experiments by individual architects and builders, 
using new n1ethods of framing and new combina-
tions of familiar methods. Various benefits are 
claimed for these systems but sound comparative 
data is lacking. 
In addition, the trend to large window areas 
and the concept of open-room construction with 
clear-span roof framing poses many new problems. 
The need for a re-examination of framing practices 
both from structural and cost points of view seems 
obvious and necessary. 
Objective 
The investigations and analyses reported herein 
sought the identification on a comparative basis 
of those combinations of framing, sheathing and 
finishing materials, and assembly methods-
accepted in current practice or recently devel-
oped- which promote conservation in the use of 
lumber and economy in man-hours in the con-
struction of walls, floors, and roofs of single-
family dwellings. 
The purpose was to provide architects, en-
gineers, and builders with comparative technical 
and cost data as a guide for making sound judg-
ments, in selecting wood structural systems, 
components, and elements for dwelling design 
and construction, that would permit full advantage 
to be taken of the physical properties of materials 
without waste and that would promote efficiency 
in assembly. 
Scope 
Survey and Choice of Systems.-All known 
sources of information on wood framing systems 
were surveyed and a listing (see appendix A) was 
made of those which held promise of economy. 
Through this listing of structural systems, it 
became obvious that an analysis of all systems 
and all variations was neither necessary nor 
desirable. Rather, it was felt that the purposes of 
the project could be accomplished best by limiting 
the analytical phases to certain systems chosen on 
the basis of pre-established criteria. 
Eighteen systems were chosen on the basis of 
the following interrelated criteria: 
(1) Structural.-Systems illustrating basic struc-
tural patterns and the influence of various spacings 
on materials use and cost. Systems demonstrating 
new framing techniques which appeared to have 
economic advantages. 
(2) Architectural.-Systems that permitted 
completed buildings of a form suitable for resi-
dential construction. 
(3) Construction Methods.-Systems which did 
not require heavy, unusual, or special equipment 
for assembly or erection. 
Table I lists those systems that were chosen 
for analysis. The combinations of the various 
subcomponents of roof, wall, crawl space, and 
foundations were chosen tentatively as being the 
most logical, but subject to change at any time 
that the analysis indicated a more advantageous 
combination could be devised. It will be noted 
that wherever feasible both flat and pitched 
roofs were considered for each system. 
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TABLE I.-Systems chosen for analysis 
Systems! Walls Crawl space Slab and foundations 
1. ConventionaL -______________ ____ _____ __ ________ __ Stud walL ________ __ __ __________ Joists and girder ___ ___________ Thickened slab under bearing 
A. Pitched roof (rafters and joists, 2' o. c.). partition- Conventional founda-
B. Flat roof (joists, 2' o. c.). tion. 
2. Trusses, 2' o. c __ --- -- - ---- ------ -- - --------------- do ________ ____ __ __ _________ __ Joists and girder ________ _____ _ Slab, conventional foundation. 
3. Trusses, 4' o. c ___ ___ _____ __ ___ __ ___ ____ ___ ___ __ __ _ do _____________ ___ ____ ___ ___ _ Beams 4' o. c. and plank __ __ _ _ Do. 
4. Trusses, 6' o. c._----- --- - -- - ------------- - ------ -- do__ ___ __ ____ ______________ __ Beams 6' o. c. and plank ______ Slab, piers 6' o. c., frost wall. 
5. Trusses, 8' o. C--- - ----- ----------- -- -- ------ -- ---- do _________ ;__ ___ ___________ _ Beams 8' o. c. with joists______ Slab, piers 8' o. c., frost wall. 
6. Post and beam, 4' o. c __ ______ __ ____ _________ ______ Post and curtain walL ____ ___ ___ Beams 4' o. c. and plank ______ Slab, conventional foundation. 
a. Pitched roof (rafters, 4' o. c.). 
b. Flat roof (beams, 4' o. c.). 
7. Post and beam, 6' o. c___ ____ ___ ____ ____ _______ __ __ do ____ ______ _____________ ____ Beams 6' o. c. and plank ______ Slab, piers 6' o. c., frost wall. 
a. Pitched roof (rafters, 6' o. c.). 
b. Flat roof (beams, 6~ o. c.). 
8. Post and beam, 8' o. c___ _______ ____ _____ ___ ___ ___ _ do ____ _______________________ Beams 8' o. c., with joists ___ _ ~ Slab, piers 8' o. c., frost wall. 
a. Pitched roof (rafters, 8' o. c.). 
b. Flat roof (beams, 8' o. c.). 
9. Plank and quarter beams ___ -- --- -- ---- ------- - -- - Tongue-and-groove plank .------ Beams 6' o. c. and plank ______ Slab, conventional foundation . 
a. Pitched roof (longitudinal beams at span H 
points, with plank). 
b. Flat roof (longitudinal beams at span H 
points, with plank). 
The following 81/&tem& were eliminated before com-
plete analg&i& 
10. Rigid frame ____ _____ __ ____ __ ________ ____ ____ _____ _ Frames 8' o. c. and curtain walls. None_____ _______________ __ ____ Slab, piers 8' o. c., frost wall. 
a. Pitched roof (trusses 8' o. c.). 
b. Flat roof (joists 8' o. c.). 
11. Stressed skin ____ _____ __ ___ ___ ____ __ ______ ______ ___ Panels __ ---- -- -- ---- ---- -------- Beams 8' o. c. and panels______ Slab, conventional foundation . 
a. Pitched root (panels). 
b. Flat roof (panels). 
12. Pierce foundation horizontal girders'-------- ----- - Spandrel and lintel girders- Joists and girder__ ____ _____ __ __ Slab, piers 12' o. c. 
a. Pitched roof (trusses, 2' o. c.). Posts 12' o. c. 
b. Flat root (joists, 2' o. c.) 
13. Honeycomb-core _______ __ ___ _________ ___ ____ ____ __ Panels ____ _____ ____ _______ __ ____ Beams 8' o. c. and panels ______ Slab, conventional foundation. 
a. Pitched roof (panels) . 
b. Flat roof (panels). 
14. Pierce foundation rigid truss (trusses8' o. c.) ___ _____ Posts8' o. c. and curtain walls____ Beams 8' o. c. with joists______ Slab, piers 8' o. c., frost wall. 
15. Trussed bents, 8' o. c.a _____ _________ ___ ______ ____ _ Bents 8' o. c. and curtain walls __ None____ ___ ___ __ __ _________ ___ Do. 
16. 3-hinged arch, 8' o. c.• . -- - - --- ------- -- - - ----- - - - -- Arches 8' o. c. and curtain walls_ ..... do____ ____ ____ __ ___________ Do. 
17. Trussed walL __ ________ ______ _______ __ ___ ____ _____ Trussed ____________ ____ __ __ __ ___ Beams at panel points _____ ____ Piers at alternate panel points. 
a. Pitched roof (trusses at panel points). 
b. Flat roof (beams at panel points). 
18. Rigid pillar and lateral girt'----------------------- Rigid posts 8' o. c. with lateral Beams 8' o. c. with joists ___ ___ Slab, piers 8' o. c., frost wall. 
a. Pitched roof (trusses, 2' o. c.). girts. 
b. Flat roof (joists, 2' o. c.). 
1 As discussed in detail in chap. V. 
2 Pierce Foundation, Raritan, N. J. 
a A system suggested by R-ene de Blonay, architect, New Canaan, Conn. 
Detailed Analyses.-Analyses then proceeded 
under t.hree major subdivisions- structural, archi-
~ectural, and methods of assembly and costs. 
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'An adaptation of a patented system- Production Line Structures, Los 
Angeles, Calif. 
6 An adaptation of a patented system-Doane Agricultural Service, St. 
Louis, Mo. 
(1) Structural Calculations.-Structural calcu-
lations were ma.de (1) to insure approximately 
equal strength in all systems and (2)· to investigate 
the influences of loadings, material strength and 
stiffness, standard sizes of lumber, design methods, 
and the comparative advantages of the basic 
structural p~tterns. 
(2) Architectural Factors and Methods of Assem-
bly.- The influence of the framing system on 
other elements of the completed building (such as 
plan, heating, wiring, etc.), were considered and, 
where possible, the systems were adjusted to 
minimize these influences. Insulation, vapor bar-
riers, and covering materials were chosen and in-
cluded to provide adequate characteristics of 
heat loss, vapor transmission, and acceptability 
in the completed building. Where the various 
systems are adequate but not equal in these 
characteristics, the inequity has been pointed out 
and the rel~tive importance of this factor must 
be evaluated by the individual in relation to 
his local conditions. 
A test structure was erected to provide cost 
records for framing each system and to test various 
methods of construction and erection. 
(3) Cost Analysis.-On the basis of the records 
k~pt and supplemented by other sources, the cost 
of each framing system at the 24' span was esti-
mated. From a comparison of the costs of the 
various systems, the most economical flat-roof 
and pitched-roof framing systems were selected. 
The cost of these two systems for both slab and 
crawl-space construction was then estimated at 
the additional spans of 16' and 32'. 
It became apparent that the volume of stt·uc-
tural and cost data involved in the analysis of the 
chosen systems made it necessary to eliminate 
any system from further analysis if sufficient 
information had been compiled to indicate that: 
(a) The system, within the limits of this study, 
no longer was considered a potential method of 
reducing framing costs, or 
(b) The system posed architectural, structural 
or construction problems that outweighed its 
other advantages. 
Nine systems were eliminated on the basis of 
these criteria, at various phases of the investi-
gation prior to final cost analysis. 
It is important to point out that the elimination 
of any system does not constitute a criticism of 
that system as a method of framing. 
A discussion of the reasons for eliminating a 
system has been included in the text. T4ese 
discussions appear under' the major subdivisions 
of the analysis that prompted t.he elimination of 
the particular system; i. e., structural .considera .. 
tions, architectural considerations, or cost anlaysis. 
The structural and cost information that had 
been gathered was analyzed and the significant 
influences and trends in the cost of residential 
wood framing were noted. 
Nine systems which were carried into the final 
cost analysis phase represented a combination of 
various components including 6 basic roof framing 
systems, 5 basic walls systems, and 2 systems in 
which roof and wall framing were inseparable. 
The six basic roof systems and the 2 combined 
roof and wall systems are shown on chart II, chap-
ter IV. Where possible and practical, each basic 
roof framing system was considered for both.flat 
and pitched (5/12 slope) roofs. The five basic 
wall systems are shown on chart IV, chapter IV. 
Each wall system was considered for both crawl-
space and slab-floor conditions. 
Chapter V presents construction drawings that 
illustrate the most economical framing and mate-
rials possible for each of these nine major structural 
systems, within the limitations of this study. 
Also included in supplementing the drawings are 
charts showing the necessary member sizes and 
connections for the primary framing of these 
systems at the spans of 16, 20, 24, 28 and 32 feet, 
and a list of unit costs for the various com-
ponents at the 24-foot span. 
Summary of Findings.-The relative economy 
of any wood framing system is a function of the 
following variables: 
1. Shape of house, perimeter, and pitch of roof. 
2. Structural system, pattern, and method of 
connection. 
3. Spacing and span of primary framing mem-
bers of house. 
4. Assumed magnitude and duration of loadings. 
5. Grade, specie, and available sizes and lengths 
of framing lumber. 
6. Structural strength, insulative and vapor 
transmission values, weathering properties, main-
tenance requirements, cost and buyer acceptance 
of covering materials. 
7. Requirements of planning, openings, heating, 
plumbing, and wiring. 
8. ·Type, method, and degree of trimming and 
finishing. 
9. Site conditions and volume of units to be 
built. 
10. Prevailing wage and material rates. 
11. Available equipment and manpower, archi-
tectural detailing and sequences, and methods of 
assembly and erection. 
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Each of these variables is influenced by many 
factors. The variables, furthermore, do not func-
tion independently of each other. Due to the 
complex interrelations, no numerical evaluation of 
the relative influence on cost of each of these is 
possible. Ho~ever, from the information gathered 
in this study, certain conclusions may be drawn. 
1. The most economical system is the flat roof-
joists 2' o. c. This system represents a savings in 
both labor and material that is attributable to the 
lack of cutting and notching in the primary frame 
and to the utilization of the bearing partition as a 
means of reducing the framing-member spans. 
The bearing partition places a restriction on plan-
ning which must be evaluated by the architect or 
builder. 
2. The most economical system for clear-span 
framing is truss construction (labor/material= 
30/70). 
3. The post-and-beam systems result · in less 
efficient use of the framing material for clear-span 
framing, although this is partially offset by savings 
in labor (labor/material=15/85). 
4. Cost of the primary framing decreases for all 
systems as the spacing increases. In the truss 
systems, this is due to an increase in structural 
efficiency since at lesser spacings, the size of such 
secondary members as diagonals is determined by 
the connections and the minimum available sizes. 
In all systems, available member sizes are an 
erratic influence. 
5. Efficient wall framing, from the cost point 
of view, is a function of the following factors 
which, in the order of their importance are: 
a. Support of the covering materials. 
b. Support of lateral (wind) loads. 
c. Integration with the roof framing. 
d. Support of the vertical ]oads. 
6. Coverings are the most important influence 
in the provision of economical framing. The 
reduction in the primary framing costs that are 
possible with an increase in spacing are of the 
order of $9 per 100 square feet or 9 cents per square 
foot of floor area. With an increase in span of the 
covering materials, the choice of adequate materials 
narrows and the cost of these materials rises 
rapidly. This trend completely nullifies the sav-
ing in the framing. Economical framing is thus 
limited by this factor to a spacing equal to the 
maximum span of the available and economical 
covering materials. This spacing is 2' o. c. 
7. In the 2' o. c. systems, a major influence on 
framing economy is the span of the building. In 
4. 
the flat-roof systems, the building perimeter-
and hence the sidewall and foundation cost-
decreases as the span increases. The economy of 
the increased span is most important between the 
spans of 16 and 24 feet. Beyond the 24-foot span, 
the increase in economy is small and for crawl-
space construction the amount is not significant. 
For the pitched-roof systems, the influence of the 
area and relatively greater cost of the gable ends 
reverses this trend between the 24- and 32-foot 
spans. The 24-foot span is thus the most eco-
nomical for the pitched-roof systems. (See chart 
VIII, chapter IV.) 
8. Stability of framing under lateral loads can 
be accomplished most economically by utilization 
of the end walls and partitions where these can be 
made adequate. 
9. In general, those systems utilizing solid-core 
sandwich materials offer the poorest heat loss and 
vapor-transmission characteristics, and provide 
the least flexibility in the framing of openings and 
the running of wiring, plumbing, and heating 
lines. The provision of adequate insulative and 
vapor permeability values is most expensive in 
those systems that utilize exposed wood-plank 
sheathing. These systems also limit the flexibility 
of electrical wiring. The final decision on the 
importance of many of these and other correlated 
factors must be left to the individual to evaluate 
in view of his personal preferences and local 
conditions. 
10. Methods and sequences of assembly and 
erection are another major influence on framing 
economy. These vary with the structural system 
but the following general principles are involved: 
a. Layout of full-size jig and pattern, power 
precutting, and assembly on ground of all major 
elements. 
b. Limitation of·assemblies to convenient weight 
and size for available crew. 
c. Tip-up techniques for roof and wall construc-
tion. 
d. Application of coverings in the largest pos-
sible unbroken areas. 
The structural analysis of these systems showed 
that: 
11. Stress graded material is basic to structural 
design or evaluation by testing. The yard grades 
of the two common framing lumbers, Southern 
Pine and Coastal Region Douglas Fir, are markedly 
different in the scope of their usage when graded 
under the 1948 rules of the SPIB and rules No. 14 
of theW. C. L.A. respectively. The most severe 
limitations occur in Douglas Fir, specifically: 
limitations on the use of 2 x 4's and limitations on 
the portion of the piece graded in all sizes. In 
conventional· framing, the yard grades of Douglas 
Fir are put to uses that are not within the scope 
established by the grading rules. 
12. Where stress graded material is used for 
residential construction, an 1,100 or 1,450 p. s. i. 
stress grade is adequate and efficient. 
13. The influence of duration of load on strength 
and deflection of wood structural members is 
extremely important. Present codes and stand-
ards do not adequately cover this factor. 
14. Since, according to present data, wind loads 
are more critical in uplift than in downward 
pressure for the design of roofs at a 5/12 slope, 
special care must be taken in the design of con-
nections between roof and walls, and walls and 
foundations. This is especially true when light-
weight framing methods and materials are used. 
Trusses must be checked for reversal of stress in 
the members, particularly the long diagonals. 
The connection problem is most severe in the 
extended spacing systems. 
15. Lateral (wind) loadings on walls are more 
critical in the design of wall framing than are 
vertical loadings. This loading is the primary 
structural influence on the spacing of the wall 
members. The overall stability of a house is an 
individual design problem dependent upon the 
construction and arrangement of end walls and 
partitions, and the type and location of openings. 
16. Specific design procedures for trusses with 
uniformly loaded, continuous top chords are 
needed as are investigations · of the diaphragm 
action of roofs with board and plank sheathing. 
17. Structural, field-gluing is not recommended 
at the present time. On the basis of a limited 
investigation, its primary potentiality for economy 
in site framing appears to be as a connection 
device in assemblies rather than as a means of 
achieving structural coverings for framing. 
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CHAPTER II 
Structural Considerations 
Summary 
1. Present grading rules for the studding and 
blocking grades of Coastal Region Douglas Fir are 
not adequate for the use specified or for the many 
other uses to which these members are commonly 
put. 
2. The greatest need to assure the efficient use 
of-wood in residential framing is the establishment 
of a full-length, all-purpose grade with established 
working stresses for all loads to which wood is 
subjected-bending, tension, compression, shear, 
etc. This grade should be independent of the 
size and length of the member and should include 
1" boards for use in trusses and other light fram-
ing. This ideal grade is most nearly approached 
today in Southern Pine. 
3. It is suggested that architects and engineers 
derive design allowable stresses from the appro-
priate grading rules handbook rather than from 
the National Design · Specifications. This last 
source does not adequately cover all the available 
grades and limitations of the grading rules. 
4. The influence of duration of load on strength 
and deflection is very important. Present codes 
and standards are inadequate in their lack of em-
phasis on, or omission of, this factor. Specifica-
tion of load duration should most logically be 
included in those sources that specify load magni-
tude. Further research on the probable duration 
of service loads is needed. 
5. With the trend toward lightweight construc-
tion and finishes, and with more complete informa-
tion on the action of wind loads, it is necessary 
that framing be analyzed and designed to resist 
uplift forces. These forces are critical for the 
design of connections and occasionally critical for 
the design of members where a reversal of stress 
occurs. 
6. The critical loading, for exterior wall-framing 
members that have lateral support, is bending 
due to wind and not the vertical forces imposed 
by the roof loading. For efficiency in the ex-
tended spacing systems, curtain-wall panels should 
pe framed and detailed to bend as simple beams 
between foundation and roof plane without load-
ing the post in bending. 
7. Under lateral loading of the side walls, the 
racking resistance of the end walls and parallel 
partitions is the stabilizing action that preve~ts 
collapse. This stabilizing action is transferred to 
the side walls through the plane of the roof. De-
sign for stability is an individual problem and 
must be accomplished separately for each house 
plan. 
8. The action of the plane of the roof as a 
diaphragm has been established for plywood 
sheathed roofs that have been designed for this 
function. As a thin, deep beam, this element is 
capable of transmitting wind loads and carrying 
rafter thrusts to the end walls with relatively low 
distortions. It also provides lateral support for 
both beams and eccentrically loaded members. 
Modest economies may be possible through the 
fuller utilization of this action. Comparable test 
and design data are needed for board and plank 
sheathed roofs. 
9. Further investigation of design procedures 
for trusses with uniformly loaded, continuous 
chords is needed. It may be possible to take 
advantage of the relief of moment that results 
from the deflection of this type of construction. 
10. Structural field-gluing is not presently rec-
ommended by the authorities. The major poten-
tial advantage of field-gluing appears to be as a 
connection device for truss construction. 
11. Frames may be designed to be independ-
ently stable under lateral loadings. This may be 
achieved through the use of a pin-connected 
pattern that achieves stability through the con-
tinuity of the members or through the use of rigid 
joints. The rigid frame, as · a structural pattern, 
does not result in economical residential framing 
under vertical loadings. Rigid connections in 
wood can only be achieved by structural gluing. 
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12. Manufacturers' re.commendations are the 
only guide to the use of prefabricated decking and 
curtain-wall panels. Deviation from their details 
is not possible since basic data are generally 
lacking. 
13. Stressed skin panels with plywood covers 
may eventually be site fabricated if field gluing 
becomes an accepted construction technique; how-
ever, it is not expected that the use of such methods 
will yield economies over nailed frame construc-
tion. This is due to the high cover;rib cost ratio 
of these panels while nailed construction admits 
the use of less expensive covering materials. The 
structural principle involved in stressed skin con-
struction does allow the reduction of the rib si~e 
and where the expense of the plywood covering 
may be justified for other than structural reasons, 
some measure of economy may be claimed. 
14. Honeycomb-core panels, as a prefabricated 
building material, appear to hold greater poten-
tialities of eventual economy than stressed skin 
panels. This is due to a manufacturing process 
which is more responsive to volume production 
than the stressed skin process. Volume production 
of these panels with plywood skins might be ex-
pected to reduce their cost from the present $1.30 
a square foot to 75 cents a square foot. 
Design· Loads 
All structural analysis is based on an assump-
tion-the magnitude of loading. It is an assump-
tion since the engineer is unable to predict, with 
any certainty, the loading that the building will be 
called upon to carry during its lifetime. He, there-
fore, utilizes for his design, loadings that are 
dictated by codes, or that are recommended by 
nationally recognized standard setting authorities. 
These usually accepted loadings are satisfactory 
in the sense that experience has indicated that 
structures designed by these criteria do not, in the 
overwhelming majority, fail. To what degree 
these loadings approximate actual service loads is 
unknown. It is probable that all such loadings, 
to some degree, provide protection against inade-
quate design, poor materials and workmanship, 
as well as against unusual loadings. In any 
structural analysis in which economy is a major 
criterion, these factors are extremely important.; 
therefore, considerable time was spent on the 
choice of loadings and in becoming familiar with 
recommendations for residential construction pro-
posed by several sources. (These are discussed 
in appendix B.) 
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On the basis of the analysis of these codes, the 
following loads "\Vere established: 
I. Wind loads (all wind loads act normal to 
surface): 
A. Pitched Roof 5/12: Pound8 
1. Wind acting normal to eaves: per 
a. Windward slope (windward window open, 8'}~~;e 
ceiling hatch open): 
External suction_ ___ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9. 8 
Internal pressure ________________________ 9. 8 
Total outward pressure__ __ _____________ 19. 6 
b. Leeward slope (windwarq. window open, 
ceiling hatch open) : 
External suction ___ ___ ~_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9. 8 
Internal pressure ___ _____________________ 9. 8 
Total outward pressure_ ________________ 19. 6 
2. Wind acting parallel to eaves (windward win-
dow open, ceiling hatch open) : 
External suction__ _______________________ 13.2 
Internal pressure ________________________ 9. 8 
Total outward pressure, acting on both 
slopes__ ____________________________ 23. 0 
B. Flat roof (windward windows open): 
External suction_ ___ _____________________ 13.2 
Internal pressure ____________ _:___________ 9. 8 
Total outward pressure___ _ _____________ 23. 0 
C. Ceiling construction: 
1. Wind any direction (windward window open, 
ceiling hatch closed): 
Internal pressure _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9. 8 
Total upward pressure _________________ 9. 8 
2. Wind any direction (leeward window open, 
ceiling hatch closed) : 
Internal suction _________________________ 7. 4 
Total downward pressure __ _____________ 7. 4 
D. Wall construction: 
1. Wind any direction (windward window open) : 
External suction_________________________ 6. 6 
Internal pressure _______________ _________ 9. 8 
Total outward pressure on leeward walL _ 16. 4 
2. Wind any direction (leeward window open) : 
External suction___ ______________________ 10. 6 
Internal pressure ________________________ 7. 4 
Total inward pressure on windward walL 18. 0 
E. Floor construction: Not critical. 
II. Snow loads (basic load 20 p. s. f.): 
A. Pitched roof 5/12: Design load 20 p. s . f. of horizontal 
projection. 
B. Flat roof: Design load 20 p. s. f. of horizontal pro· 
jection. 
III. Occupancy loads: 
A. Floors: 40 p. s. f. (no reduction for girders). 
IV. Combined loads.-The . following critical 
combinations have been derived, by inspection 
and preliminary calculations, from the previous 
listing of wind loads taken in combination with 
live and dead loadings. Since all wind loads on 
roofs are assumed to act in the opposite direction 
of snow loads, no combination of these loadings is 
critical for member design. In the following, 
downward loads are listed first. The term "plus" 
means in the same direction, while the term 
"minus" means in the opposite direction (upward). 
Percent 
increase 
A. Rafters-Pitched: in ;Jf~w-
1. Critical member loading: Snow load plus dead stress 
load _____ ___________________________ _____ 15 
2. Critical plate and ridge connection loading: 
Dead load minus wind load_________________ 33 
B. Roof joists-Flat: 
1. Critical member loading: Snow load plus dead 
load__ ___________________________________ 15 
2. Critical plate connection loading: Dead load 
minus wind load __ _________________________ 33 
C. Ceiling joists-Critical Member Loading: Dead 
load plus internal suction ___ ________________ 33 
D. Roof trusses-Since members experience a re-
versal of stress under the two loadings listed 
below, and since the critical loading cannot be 
determined by inspection, stress diagrams have 
been prepared for both cases and individual 
members have been designed for their critical 
loading. 
1. Snow load plus dead load_ _________________ 15 
2. Dead load minus wind load ________________ 33 
E. Wails-Critical member loadings: 
1. Dead load (wall and roof) plus snow load 
(roof) __________________________ .. _. _ _ _ _ _ _ _ 15 
1
2. Dead load (wall and roof) plus transverse 
wind load _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 33 
F. Floors-Critical member loading: Live load 
plus dead load. 
The above loads have been based on a snow load 
of 20 p. s. f. and a wind velocity pressure of 20 
p. s. f. measured at a height of 30 feet above ground 
(approximately an 80 m. p. h. wind). Since it 
was desirable for this study to be as general in 
application as possible, consideration was given 
to the influence of geographical areas on design 
loads. It is impossible to choose one combination 
of design loads that is simultaneously safe and not 
excessively conservative for all areas of the United 
States; however, the loads listed above are ade-
quate for between one-half and two-thirds of this 
country. They are also very close to the minimum 
loads specified by many codes and, therefore, ar~ 
not overly conservative for any geographical area. 
Rafter sizes listed in the FHA Table of Maximum 
Allowable Spans have been computed on the basis 
of 20 p. s. f. for wind and 15 p. s. f. for snow and are 
applicable anywhere in the United States; how-
ever, it is not known whether these rafters have 
been designed for these loads singly or in com-
bination. 
Since this study is of a comparative nature, it 
is assumed that variations in loadings on a geo-
graphical basis will affect all systems proportion-
ately and will not influence the validity of the 
final comparison. 
VVorking Stresses 
The first problem faced in the structural analysis 
was establishing allowable working stresses to be 
used in the calculations. Several factors influ-
enced the selection of the grade to be used. First, 
it was desirable that. the most economical grade 
of lumber be used. Second, it was desirable, for 
the general application of the calculations, that 
the grade chosen be generally available in the 
usual sizes. Third, it was desirable that a type 
of lumber be chosen which was familiar to builders 
and which could be used by them with confidence. 
Framing lumber used in this country is generally 
Southern Pine or Douglas Fir. Other species, 
of course, are used to a lesser extent. Among 
builders, the choice between the two leading species 
is generally based on geographical location which 
influences the economy of the delivered material. 
Some builders, however, prefer Douglas Fir on 
the basis of their experiences with the warping 
and twisting of framing lumber. Current prac-
tice is for framing lumber to be sold to ·builders 
under the classification of "No. 2 and better." 
Such lumber may or may not be grade marked 
with a mill stamp. An effort was made to deter-
mine if there was any significant cost difference 
between the Nos . 1 and 2 grades. At the con-
clusion . of a brief survey of local sources, it was 
decided that no difference existed. A complete 
order of either Nos. 1 or 2 unmixed was very diffi-
cult to obtain. Often, if such an order was 
accepted, it was charged at the same rate as "No. 
2 or better" regardless of whether the order was 
for Nos. 1 or 2. The rate of charge is undoubtedly 
influenced by the yards' inventory and many other 
complex factors that vary greatly between locali-
ties and between yards in the same locality. 
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The whole problem is further complicated by 
the practice of local up-grading and by the absence 
of mill stamps on delivered lumber. Because of 
these complications, it was obviously impossible 
to determine any relat~onship between cost and 
grade and,-hence, strength in these lower grades. 
The stocking of superior stress grades (1 ,600 p. s. i. 
and better) is not common practice, especially in 
the dimension sizes. The amount of such stock 
varies by locality and roughly in direct proportion 
to the size of the community and the size of the 
yard. 
This fact virtually eliminated the superior 
stress grades since it was also known that under 
the comparatively light design loads of residential 
construction, deflection rather than strength very 
often determines the required ;member size. •To 
check this fact, calculations were performed on 
floor joists which indicated that 1,100 p. ~. i. 
grade was the most efficient stress grade. This is 
a general relation for any span under normal design 
loads and deflection limitations. 
OPTIMUM ALLOWABLE UNIT STRESS-FLOOR 
JOISTS, 24" 0. C. 
where Lis in inches 
_ L _ 5jL2 
dmax- 360-24Ed 
where j is fmax. 
but 
1,800jL=24Ed 
JL=0.0133(1,600,000)d 
f 21i0d 
F 4.54(10SXd~ 
L2 
j wLc 
81 
j 0.75wL
2 
bd2 
where w=p. s. i. 
(~:4)(40)=6.66 p. s. i. 
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j=5L2 
bd2 
;-'12 4.54(10S)(5)(lf) 
.. jbd2 
22.7(108) 
jb 
J3 2.27(109) 2.27(109) b 1.625 
1=(1.4)1(103) 
(1.40)(109) 
1=1.12(103)=1,120 p. s. i. 
Optimum allowable stress= W1,100 p. s. i. 
The use of higher stress grades results in the 
joist size being fixed by deflection requirements. 
Lower stress grades also result in an inefficient 
section determined by strength requirements. 
The 1,100 p. s. i. grade approaches a balanced 
design in which the allowable deflection and allow-
able stress are reached simultaneously. This 
relation is infiuenced to some extent by the 
available standard sizes, but may be taken as a 
general criterion to be verified wherever possible 
by actual design. The result of this work was the 
decision that all structural calculations would be 
based on a stress grade of 1,100 p. s. i. in bending. 
Need for structural calculations.1-At this point, 
it is valid to re-examine the need for structural 
analyses in accomplishing the purposes of this 
project. For a true comparison, it was necessary 
that all systems be of equal strength. The only 
alternative to structural design was full-scale 
testing. In addition to the expense involved, 
testing was not a solution. Obviously, some 
structural analysis was necessary before the test-
ing, and some retesting would be inevitable. It 
offered no advantages over structural design since 
the same factors of probability in the strength of 
the material would influence the test results as 
they influenced the analysis'. Accordingly, struc-
1 The calculations for spans of 24 teet upon which the structural advantages 
of the vsrious systems are based are available, on a loan basis, upon applica-
tion to the Administrator, Housing and Home Finance Agency, Washington 
25, D. C. Tne structural calculations for spans of 16, 20, 28, and 32 feet are 
recorded on microfilm and may be seen in the offices ofHHFA. 
tural calculations were performed using the fol-
lowing allowable stresses: 
WORKING STRESSES I 
(Long-time load) 
Bending _________________________________ _ 
Tension ____________________ ___ __________ _ 
Compression parallel to grain (L/d = 10) _____ _ 
Bearing perpendicular to grain _____________ _ 
Horizontal shear _________________________ _ 
Modulus of elasticity __________________ -·- __ 
P.S.I. 
1, 100 
1, 100 
1, 075 
390 
110 
1, 600, 000 
NOTE.-See a{)pendix B, for precautions necessary in executing the designs 
presented in chap. v, if yard grade lumber is to be used. 
t No advantage is gafned by using a higher allowable stress in design since 
the 1,100 p . s. i. grade is adequate and efficient for most members. In addi-
tion, the limitations on the area graded for strength in Douglas Fir apply also 
to the superior stress grades. 
Influence of Duration of Load.- Wood has the 
remarkable property of being able to sustain un-
usually high loads for short increments of time. 
Conversely, loads that are perfectly safe for short-
time loading may cause failure if sustained for a 
sufficient length of time. In addition, the deflec-
tion of a loaded member, such as a joist, will 
increase under a constant load with the passage of 
time. This is one of the most important charac-
teristics of wood and is closely related to the 
previous discussions on loading and stress grading. 
The "long time working stress" derived from 
values estttblished by the Forest Products Labora-
tory for various species and grades of wood and 
the allowable stresses published in National 
Design Specifications for stress grade lumber were 
analyzed for adequacy. While the recommended 
allowable stresses were followed in calculations, a 
discussion of certain limitations in present codes 
is contained in appendix B. 
Connections 
Connections in wood framing are critical points 
and efficient connection · is difficult to achieve in 
lightweight structures where small member sizes 
are used. Possibly the most difficult type is the 
tension connection. In · some instances the con-
nection rather than strength dictates the member 
size; for example, in truss construction where 
end distances, spacing and the tendency for some 
devices to cause splitting require larger than nec-
essary m~mbers. There can be no general state-
ment as to relative efficiency and each jointing 
problem must be solved separately according to 
the magnitude of the force involved, the available 
297276 ~55-2 
area for connectors, the amount of deformation 
that may be tolerated and the ease and economy 
of making the connection. 
Since connections are of such importance, a 
survey of all possible connecting devices was made. 
A list of these with comments are contained in 
appendix B. 
Nails are the most used of all fastening devices. 
N~ils, in the usual species of framing lumber, may 
be easily driven without any preparation of the 
members and connections can be made in place 
without need for accuracy in placing. Their major 
disadvantage is their tendency to split the wood 
and, therefore, their limited usefulness where only 
small areas of the members are available. The 
authoritative source for nail values is considered 
to be the National Design Specifications and these 
values for common nails have been used through-
out this study. (See appendixes A and B.) The 
values published in the National Design Specifica-
tions apply to nails driven so that %of their length 
penetrates into the softwood receiving the point 
0~ for hardwoods). Since the majority of framing 
lumber is of 2-inch thickness, this amount of 
penetration is rarely realized in the primary 
framing. Where two members of equal thickness 
are nailed together in a single shear lap joint, the 
penetration is % or slightly less depending on the 
nail used. Under conditions such as these, the 
nail value should be reduced proportionally to the 
reduction of penetration. For members of equal 
thickness then, the nail value should be reduced 
to 75 percent of the published value. In the 
calculations performed as part of this study, this 
reduction has been made where applicabl~. 
For joining two 2-inch members in a simple lap 
splice, tenpenny nails have been used throughout 
this study. The tenpenny nail being 3 inches 
long was chosen in preference to the twelvepenny 
nail, which is 3X inches long, to assure that the 
nail point will not protrude from the joined 
members and thereby to facilitate handling and 
to allow nailing on such unyielding surfaces as 
slabs, etc. This nail, then, falls just slightly 
short of achieving one-half penetration in two 
2-inch pieces and this has been ignored on the 
basis of the generally conservative nature of the 
published nail values. 
Split-ring connectors were used extensively in 
this project. 
Bolts were not used extensively for reasons set 
forth in appendix B. 
Light Metal framing anchors were investigated 
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and some were used in connections. (See draw-
ings, ch. V.) 
Gluing was the last and most interesting of the 
connection methods investigated. After a survey 
of the available literature on gluing and cor-
respondence with authorative sources, field struc-
tural gluing was rejected for reasons set forth in 
appendix B. 
Also, on the basis of this information, all sys-
tems that required field gluing were eliminated 
from this study; however, since it is believed 
that field gluing will ultimately be an acceptable 
method of construction, a limited investigation of 
stressed skin panels and rigid frames was under-
taken; and the results of that investigation are 
reported in appropriate sections of appendix B. 
This study was desirable to determine if economic 
advantage could be gained through the use of 
glue (when the proper technique is developed) 
or if purchasing factory-built panels is at present 
an economical solution to framing. 
At this point in the investigation the possi-
bility of using commercially laminated timbers 
was also discarded. Although such members may 
use wood to its most efficient advantage through 
the selection of the laminations; the multiple 
handling and surfacing of the component pieces 
does not lead to a product that is competitive 
with sawn timbers for the usual uses in residential 
framing. An excellent listing of the economic 
factors may be found in Lamination of Structural 
Wood Products by Gluing, 1948, Forest Products 
Laboratory, p. 4. In addition, one of the manu-
facturers of commercial laminated products was 
contacted and the above opinion was confirmed. 
The Structural Action of Houses 
All loads to which a house is subjected must 
ultimately be transferred to the foundations. 
The exact path traveled by the forces involved 
depends upon the method of framing and the 
detailing of the construction. The interaction 
of the components of the framing system is com-
pletely indeterminate and the isolation of any 
one element cannot be performed without recog-
nizing that the result is an approximation of the 
true action. Such an isolation of individual 
elements is the classical approach to structural 
analysis and the only practical method where a 
large volume of calculations is involved. 
The purpose of any roof construction, from the 
structural point of view, is to transfer the vertical 
imposed loads, including uplift, to the wall 
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construction. The walls in turn transfer these 
loads to the foundation. This is a relatively 
straightforward matter and will not be dismissed 
here. What is of more interest is the action of 
the house under horizontal loads such as wind or 
earthquake forces. 
For the purposes of the following discussion the 
horizontal force will be thought of as wind and the 
house will be considered to be composed of a 
shell-roof construction, side walls, and end walls 
with no interior partitions. The stability of this 
house is dependent on the wall construction. As-
suming a rectangular house, stability will usually 
be most critical when the wind forces are perpen-
dicular to the longest dimension of the house. 
The wind forces on a %2 slope roof are small when 
the wind is perpendicular to the ridge and these 
forces are not considered here. The main force, 
then, tending to overturn or collapse the house is 
the pressure of the wind on the side walls of the 
house. The load on these walls is transferred, 
one-half going directly to the foundation, the other 
half becoming a reaction on the roof and ceiling 
·construction at the eaves. 
The force, it is assumed, is transferred through 
roof construction to the end walls where the final 
transfer to the foundations is through the racking 
resistance of the end walls. The roof may be 
considered to be a thin, deep, simple beam, span-
ning between the end walls, which is bent and 
warped under the reaction of the side walls. 
These in turn may be considered to be simple 
beams bending between the eaves and the founda-
tion. The end wall is, then, the stabilizing el~­
ment and its resistance to racking forces is ex-
tremely important. 
If, to this shell, interior partitions are added, 
those parallel to the end walls will also stabilize 
the roof through their connection to the ceiling 
construction. In so doing, they may tend to ro-
tate the house on its foundation since their loca-
tion and relative racking moduli will establish a 
center of rotation that may or may not coincide 
with the resultant of the racking forces. If the 
house does tend to rotate, the side walls of the 
house are also racked. In addition to this effect, 
where partitions intersect the side walls, the side 
walls are stabilized by direct contact. 
In between such points of stabilization, the side 
walls bend about their weak axis. Since the stiff-
ness of the side wall about this axis is very small 
compared to the stiffness of the roof construction 
about its major axis, this effect may be omitted 
and the assumption made that the entire side wall 
reaction is carried by the roof. It is apparent that 
the exact racking resistance of a house may be 
evaluated only when the exact location and 
method of construction of all walls and partitions 
are known. An analysis based on one plan has 
no validity when applied to other plans. To pre-
serve the generality of this study, it was not 
desirable that the study be tied to one set plan 
and so no exact evaluation of racking was possible. 
This is discussed further in the section entitled, 
"Wall Components," appendix B. 
The results of the structural analyses are dis-
cussed for the various framing systems, in appen-
dix B under sections on Roof Components (in-
cluding ceiling construction), Wall components, 
Floor components, and Foundation components. 
Systems Eliminated During Structural Analysis 
During the structural analysis phase of the 
investigation four systems were eliminated from 
further consideration on the basis of not offering 
any clear-cut economy over other systems. 
These were the rigid frame, stressed skin construc-
tion, Pierce horizontal girders, honeycomb-core 
construction, and Pierce rigid truss (systems 10, 
11, 12, 13, and 14 of table I). The reasons for 
rejection are given below. 
Rigid jrame.-Economies of construction have 
long been claimed for rigid frames in steel and 
concrete. In addition to this, the rigid frame is 
independently stable under lateral forces. This 
system was included to ascertain if these econo-
mies and advantages could be realized in wood 
frame construction. The pattern considered as 
part of this study was a simple 24 foot clear span, 
rectangular bent spaced 8' o. c. Three methods 
of achieving lateral stability were studied: Case 1 
consisted of pinned joints between the columns 
and the foundation, rigid joints between columns 
and girder; case 2 consisted of rigid joints at the 
foundation and pinned joints between girder and 
columns; case 3 utilized rigid joints at all points. 
For a frame of this type, the ratio of the moments 
of inertia of the girder to the column is all impor-
tant in achieving minimum moments and hence 
efficient construction. To investigate this influ-
ence, all three cases were checked 2 for four differ-
ent assumptions as to the ratio of girder moment 
of inertia to column moment of inertia. These 
2 A summary of the results of this study are available on a loan basis from 
Housing and Home Finance Agency. 
data show that the most favorable moments are 
achieved through the use of pinned connections 
at the column bases and rigid connections betwe® 
girder and columns. At this point, cases 2 and 3 
were dropped from the investigation. With the 
determination of the most efficient pattern (case 
1), an attempt was made to refine the influence of 
the respective moments of inertia. A general rela-
tion was calculated for this pattern that is appli-
cable to any span and to any column height. The 
resulting ideal ratio is given here. 
I 0 =Moment of inertia of girder 
I0 =Moment of inertia of column 
L2 =Span of rigid frame 
L 1=Column height 
Ia_ Lz 
Ic -2L1 
Using this ideal ratio, a rectangular rigid frame 
was designed to span 24 feet and be spaced 8 feet 
o. c. The girder was designed to utilize dimension 
lumber of premium length, and the resulting sec-
tion was three 2 x 12's in the 1,100 p. s. i. grade. 
The necessary section modulus for the column re-
sulted in the choice of 4 x 12's for the columns. 
This resulted in a frame totaling 216 board feet of 
material. If instead of a rigid frame, the system 
had been designed as a simple beam supported on 
posts, the resulting members would have totaled 
200 board feet (6" x 14" girder, 4" x 6" column 
for wind). 
From the above, it can be concJuded that the 
rigid frame in wood construction does not offer 
any clear-cut economy over the post and beam 
system. This can be attributed to the large change 
in magnitude between the moments of inertia of 
the consecutive nominal sizes (2". x 6", 2" x 8", 
2" x 10", etc.) .3 This fact may result in an over-
design of the girder that is compounded by the 
necessity of preserving the design ratio between 
I 0 and 10 • If the designer ignores the necessity 
of preserving the assumed ratio, he is tacitly 
giving an advantage to this system. 
The example worked out above cannot be taken 
as proof positive that rigid frames are less efficient 
in the use of material than simple beams, since a 
variation in the stress grade, loading, span, or 
spacing might reverse the apparent results. It 
3 'I' his is not the case in steel, where small prog~;essions in moment of inertia 
are possibl~, due to the variety of standard sizes. 
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does show, however, that the margin of material 
economy for either system is so narrow that the 
availability of standard member sizes is the con-
trolling factor in establishing the final results. 
This situation might, of course, be altered by 
the lamination of members from l-inch boards. 
This would enable greater control over the moment 
of inertia but, when viewed in light of the expense 
of commercial lamination, this is not at present an 
economical solution. 
In addition to these factors, the detailing of 
the connection between girder and column may 
also dictate the number of members to be used, 
and again restrict the designer's ability to match 
accurately the actual moment of inertia to the 
required value. 
The design of a moment connection that was 
sufficiently rigid to allow the nssumption of fixity 
necessary to the rigid frame was also investigated. 
Split-ring connectors have been used in patterns 
at the joints of wooden rigid frames and the 
joints have been considered fixed. This does not 
appear to be justified when the nature of the 
material, wood, is considered. For ideal moments 
in a rigid frame the negative moment at. the 
girder-column connection will be ~~ and a tan-
gent to the girder at this point will be a horizontal 
line. For a simple beam uniformly loaded and 
limited to a deflection of L/180 (which is usual 
for unfinished ceilings) the slope at the reaction 
will be of the order of 1°. In other words, 1° of 
slippage or rotation in the joint will cause the 
moment in the girder to be doubled; lesser rota-
tions would cause proportionately lesser increases 
in moment. 
In a girder-column joint in which the pattern 
of eonnectors is at a radius of 4 inches from the 
centroid of the conneetor group, a slippage in the 
connectors of 1/16-ineh would allow a rotation of 
approximately 0.6° in the joint.4 From this it 
may be seen how critically a lack of rigidity may 
affect the moment in the girder. Considering the 
effects of shrinkage, the tolerances of workman-
ship, the load-deformation curves of connectors, 
etc., it is apparent that absolute rigidity cannot 
be obtained in a joint using any of the mechanical 
fastening devices previously mentioned. It was 
coneluded that the only method of achieving de-
pendable fixity at design loads in a wood-to-wood 
connection is through the use of gluing. 
4 A summary of the results of this study are available o.a a Ivan basis from 
Housing and Home Finance Agency. 
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With the consideration of all the factors dis-
cussed, it was coneluded that rigid frames do not 
hold any promises of eeonomy for residential 
framing. Even with the development of field 
gluing techniques, other faetors will be so critical 
as to render rigid frames uneconomical in com-
parison to more conventional framing methods. 
This conel usion resulted in the elimination of the 
rigid frame (system 10) and also the Pierce rigid 
£russ (system 14). Also, for the above reasons, 
combined with limitations discussed under stress 
skin construction which follows, the Pierce semi-
rigid horizontal girders system (system 12) was 
eliminated. 
Stressed Skin Construction (Framing Ribs and 
Plywood Covers). -Stressed skin panels may be 
used as roof, wall or floor components. When 
used as a wall, they may be designed to be load-
bearing (carrying wind and vertical loads) or to 
be curtain walls (carrying wind only). Although 
field gluing had been eliminated as a construction 
technique, the possibility of purchasing pre-
fabricated panels, plus the probability that field 
gluing would eventually be acceptable, justified a 
limited investigation of this system. This investi-
gation ineluded the design of roof panels spanning 
8 feet between primary structural members and 
curtain wall panels spanning 8 feet between eaves 
and foundation. The limitation of spans allowed 
the use of the generally available 8-foot sheets of 
plywood and integrated with framing systems 
spaced 8' o. c. 
The designs carried out were in general agree-
ment with the recommendations of the publica-
tions listed.5 Flexural strength, rolling shear, 
horizontal shear, deflection of the panel and 
deflection of the skin were chec~ed for each panel 
tried. The only material considered as a structural 
skin was plywood. There are an infinite number 
of combinations of types, grades, and thicknesses 
of plywood; and of member sizes and member 
spacings that are possible. For this reason, the 
method of calculation used was trial-and-check 
and only the most logical combinations were tried. 
As a result of this investigation, it was decided 
that the most economical stressed skin panel for 
use as a curtain wall or roof panel spanning 8 feet 
would be one in which 1 '' x 3'' ribs would be 
spaced 12" o. c. and covered with X-inch plywood; 
exterior A-C on one side and interior A-D on 
~Technical Data on Plywood, 1942, Douglas Fir Plywood Assn. Norris, 
C. B., Technique of Plywood, 1942, I. F. Laucks, Inc. The Designing for 
Strength of Flat Panels with Stressed Coverings, 1940, Forest Products Labora-
tory. 
the other. The results of these calculations were 
influenced by these factors: 
a. The thickness of the panel is controlled by 
the need for placing insulation. A 3-inch nominal 
rib was the smallest considered. 
b. An increase in panel thickness, while it 
increases the moment of inertia, also increases 
the material in the rib since it is not practical to 
consider ribs of less than 1" nominal thickness. 
The extra depth of the rib would have to be 
balanced by an.increase in rib spacing. 
c. An increase in rib spacing causes a greater 
rolling shear at the rib and an increase in deflection 
of the skin between ribs. This ·might be controlled 
by placing the face grain of the skin perpendicular 
to the rib span or by increasing the thickness of 
the coverings. The first method would decrease 
the strength and stiffness of the panel as a whole, 
the second increases the cost of the skin. Since 
the ratio of the cost of a square foot of plywood to 
a board foot of lumber is relatively high, an 
increase in spacing is difficult to justify. 
These results of the structural analysis left 
some grave doubts as to the efficiency of the 
stressed skin principle. Since the final criterion 
for the purposes of this report was cost, the 
following list of materials was compiled for one 
square foot . of the stressed skin panel mentioned 
earlier. 
Rib-0.344 bf_ ____________________ @$0. 145 $0.0499 
1 square foot Ext., A- C, X" plywood _ @ . 200 . 2000 
1 square foot Int ., A- D, %" plywood_ @ . 170 . 1700 
. 4199 
or $0.42 per square foot 
An adequate, nailed curtain-wall panel could 
be framed with 1" x 4" ribs, 16" o. c. and could 
be covered with several combinations of sheathings 
and sidings. The most economical of these are 
included in the materials for the nailed panel. 
Rib- 0.375 bL ____________________ @$0. 145 $0. 0543 
W' fibreboard sheat hing ____________ @ . 075 . 0750 
%" gypsum dry wall & taping_____ __ @ . 109 . 1090 
. 2383 
or $0.24 per square foot 
This comparison is based on an 8' x 8' panel with 
framing members on all four edges. It does not 
include nails, insulation or vapor barrier since 
these will be substantially the same for both 
panels. It will also be noted that glue has not 
been included for the stressed skin panel. If 
and when field gluing becomes acceptable, it will 
still be necessary that the ribs be given a final 
surfacing in .a high-speed planer and that closer 
control over the moisture content of the ribs will 
be necessary. Both of thes_e factors represent 
some additional cost to be charged to the stressed 
skin panel. 
It is apparent that any hopes for ultimate 
economy through the use of stressed skin con-
struction must be based on labor savings in the 
production of the panels. And yet, if the fabrica-
tion of both glued and nailed panels are accom-
plished with the same amount of physical equip-
ment (such as jigs, nailing guides, etc.), the 
advantage would again fall to the nailed panel 
since the time involved in extra nailing (ribs .12" 
o. c.) and placing of the glue must be charged to 
the stressed skin system. A further evaluation 
of the labor factor did not seem justified. 
If the plywood cover is considered an exterior 
siding as well as a sheathing, 'the cost of exterior 
siding must be added to· the cost of the nailed 
panel. When siding is added (%-inch asbestos-
cement sheets), the cost of the nailed panel is 
increased to 35 cents per square foot-still sub-
stantially less than the stressed skin panel. No 
additional nailing is required with the addition of 
siding to the nailed panel since the nails may be 
driven through sheathing and siding simultane-
ously. This was done on panels built at a later 
date as part of a test building erected during the 
project. Since the racking evaluation of walls as 
the result of tests is usually based on the nailing 
of the sheathing alone, this practice does not 
represent a reduction of racking resistance below 
values indicated by the tests. 
Where the cost of the coverings can be justified 
for other than structural reasons- such as ease of 
handling and storage, ease of fastening certain 
finish materials, or customer preference for wood 
interiors-stressed skin construction does allow 
economies in the panel framing. However, these 
points should be considered: 
1. The gluing of skins to the ribs of a panel 
does not automatically mean that a significant 
structural advantage has been gained. The skins 
must be eontinuous in the direction of the span 
and the spacing of the ribs must be held below 
certain limits if the construction is to be con-
sidered stressed skin. In addition, to gain a 
significant increase in the moment of inertia of the 
section, the skin should have a modulus of elas-
ticity of the same order as the rib. Where a low 
strength skin with a low modulus of elasticity is 
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bonded to one face of the rib while plywood is 
bonded to the other, the neutral axis of the section 
will move toward the plywood skin. This results 
in an inefficient section '"·here the maximum 
moment is controlled by the low strength skin. 
2. The calculations for the stressed skin panel 
used here indicate that it has greater reserves of 
strength and stiffness th!ln does the nailed panel. 
Further, it is probable that the stressed skin panel 
is stiffer between ribs than the nailed panel-this 
latter cannot be calculated. Definitely, the 
stressed skin panel has a superior racking resist-
ance; however, the nailed panel is adequate for 
the design loads used. 
3. With heavier loads and longer spans, stressed 
skin construction may have a more significant 
structural advantage than indicated here. 
4. Plywood has properties, other than struc-
tural, that are a great advantage to the prefabri-
cator when compared with the relatively brittle 
materials used in the nailed panel. These other 
properties solve many of the prefabricator's 
problems of handling, storage, shipment and 
erection. 
5. The manufacturing techniques of the pre-
fabricator minimize the extra care and handling 
required for gluing. 
6. The prefabricators' material channels un-
doubtedly provide a more favorable plywood-to-
rib-cost ratio than that used here. 
7. There seems to be a trend today away from 
the use of the structural skin as both sheathing 
and exterior finish, This trend represents an 
attempt to avoid the '' panelized" look that once 
distinguished the prefabricated house. It is 
probable that the double role of the plywood had 
a greater effect upon the economies claimed for 
stressed skin construction than did the structural 
principles involved. 
8. The most popular framing system for bearing 
wall panels used by prefabricators is 2" x 3" 
studs 16" o. c.6 It is apparent that this does not 
represent a saving in the framing material over a 
system that utilizes 2" x 4" studs at 24" centers. 
As in the case of the curtain wall panels, coverings 
can be provided at less expense than can the ply-
wood skins. However, the prefabricated homes 
industry is directly influenced by the widespread 
code requirement that framing members be 16" 
o. c. and at this spacing the structural advantage 
of the stressed skin principle has allowed the 
6 Kelly, Burnham, The Prefabrication of Houses, 1951, the Technology 
Press, M. I. T ., and John Wiley and Sons, Inc. 
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reduction of the stud size fron1 2" x 4" to 2" x 3". 
It is concluded from this limited investigation that, 
for roof and wall constructions at the spans and load-
ing of this study, stressed skin construction with 
plywood skins does not offer an economic advantage 
over other framing systems that do not utilize the 
stressed skin principle. This is attributable to the 
relatively high ratio of cover-to-rib-costs and to 
other non-structural factors. This conclusion re-
sulted in the elimination of the glued stressed ply-
wood walls and roof (system 11). 
At various times in the past, prefabricutors or 
others have expressed interest in the production 
of stressed skin panels for sale through normal 
channels to ·contractors and builders. An effort 
was made to determine if such panels could be 
purchased today or if there was still interest in 
this market. Only one company that was inter-
ested was found. This company indicated that 
it was in limited production of such panels but 
that its sales and distribution policy had not been 
completely formulated. An effort to buy a sam-
ple panel failed. This company also indicated 
that it had developed a plywood with an integral 
vapor barrier. If true, this would solve one of the 
problems of stressed skin construction. Since the 
rib edge must be left clear for gluing, a batt or 
blanket type insulation with an integral vapor 
barrier would have to be installed with the batt 
flanges bent and placed alongside the wide face of 
the rib. While this joint might be-satisfactory if 
sealed with an asphaltic adhesive, the final effec-
tiveness of the vapor barrier is dependent on the 
vapor permeability of the structural glue line. 
Honeycomb-Gore Construction (Paper-Gore and 
Plywood Skins) .-In this type of panel, the struc-
tural action is similar to that of the stressed skin 
panel. The skins are stabilized by the paper core 
and carry the principal flexural stresses under 
transverse loading while the core carries the shear. 
The action of the panel skins is analogous to the 
elastic buckling of thin plates. After a review of 
the literature available on this type of panel, it 
was decided that the analysis of such panels has 
not been reduced to the level of engineering design. 
Since none of the project staff felt qualified to 
perform an analysis of the highly complex factors 
outlined in the literature, no calculations were 
performed. 
The honeycomb-core panel has its greatest 
potentialities as a prefabricated building material. 
The manufacture of the panels will certainly never 
be an "on site" process since, although it may be 
possible to buy the prefabricated core, the final 
bonding of the skins must be accomplished through 
the use of a carefully controlled pressure. Since 
the core is not solid, it is not possible to develop a 
variation on the" glue-nailed" techniques possible 
with stressed skin panels. 
The prefabricated honeycomb-core panel ap-
pears to be on the verge of an upswing in popu-
larity-as a bearing wall for light construction, as 
a curtain wall for both heavy and light skeleton 
constructions, and as a non-structural core 
material for many products. The original de-
velopment of the honeycomb-core was undertaken 
by the aircraft industry and some interested 
manufacturers, while the corrugated-paper core 
was developed at the Forest Products Laboratory. 
In 1951, there was one prefabricated homeE] 
manufacturer using paper-core panels; these were 
of the corrugated paper type. Since that date, 
numerous other companies have become interested 
in the use and production of paper-cored panels: 
At this time there are at least two manufacturers 
able to produce panels as a curtain-wall product 
for other than residential construction on a custom 
basis. One of these has expressed interest in the 
house building field. A third manufacturer has 
recently marketed a paper-core panel with ply-
wood skins that approaches a standardized panel. 
All three of these manufacturers are using a 
honeycomb-core and it appears that the one pre-
fabricator who used the corrugated core has since 
switched to the honeycomb type. This probably 
is due to certain 1nanufacturing advantages that 
are inherent in the honeycomb-core. 
Until very recently, manufacturers' recommen-
dations as to use and cost data have not been 
available since production has been on a custom 
basis. With the marketing of the plywood-
covered panel, however, some of this information 
has become available for the first time (appendix 
E). While it has not been possible to purchase a 
panel and fully evaluate the cost factor, it is 
apparent that the 3-inch panel offered by this 
manufacturer is structurally adequate for those 
uses specified for the stressed skin panels discussed. 
The manufacturer also recommends it as a floor 
panel and bearing-wall panel. In all cases the 
span is 8 feet. This panel has an estimated cost 
of $1.30 per square foot in 1,000 square feet 
quantities plus the cost of edge framing, insula-
tion, and freight. This unit cost runs approxi-
mately twice as much as the materials and labor 
cost for comparable framed construction as esti-
mated in the cost analysis phase of this project. 
Without a more elaborate evaluation of cost, it 
is apparent that at the present time, this con-
struction (system 13) is not competitive with 
framed construction unless this unit cost can be 
justified for other than structural reasons. 
One person that was contacted in the honey-
comb-core manufacturing field estimated the retail 
price of products similar to these (if and when, a 
standardized product results in volume production 
similar to that found in other building materials) 
would be about 75 cents per square foot. Such a 
price would place it in a position competitive to 
framed construction. Under such circumstances, 
a consideration of such other factors as appear-
ance, lightness, possibility of rapid erection, and 
the possibility of prefinishing would make it a very 
attractive product to small and large builders 
alike. 
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CHAPTER Ill 
Architectual Considerations and Methods of Assembly 
Summary 
Planning.- !. This analysis has been limited to 
the rectangular house with a dead-flat or a simple-
gable roof. The influence of the interior plan has 
been minimized since many of the systems are 
clear-span systems. The others have been ar-
ranged to provide a minimum of interference with 
planning requirements. Exceptions are the rafters 
and joists 2' o. c. system (system 1-A) and the flat 
roof-joists 2' o. c. system (system 1-B) which 
require ·a center bearing partition. 
2. The coverings (sheathing and finish mate-
rials) are all-important in the selection of an 
economical framing system. 
3. The most economical combination of sheath-
ing and finish materials was chosen for walls and 
ceilings. (These are listed in appendix C.) This 
choice was made after a survey of available ma-
terials which were considered to be acceptable and 
adequate, although not equally so. 
4. The various framing systems may be ex-
pected to influence the cost of the many other 
elements that determine the ultimate cost of any 
house. These elements include (a) special fram-
ing at openings, (b) heating, (c) plumbing and (d) 
wiring. The relative importance of these factors 
must be evaluated by the individual architect and 
builder, but those systems utilizing thin, wall sec-
tions, solid sandwich panels, or exposed plank will 
presen~ the least flexibility and tbe most problems. 
5. Insulation has been provided to make all 
systems adequate for outside design temperatures 
of -6° to --15° although it has not been possible 
to provide equal insulation. Here again the solid 
and thin section constructions are inferior to the 
more conventionally framed systems. 
6. Vapor barriers and ground covers have been 
provided for average moisture conditions. Most 
critical condition exists in the exposed plank ceiling 
and the solution of this problem results in a con-
siderable expense to the systems that utilize this. 
7. The structural, insulative, and architectural 
functions of solid-core curtain-wall · panels are to 
some degree conflicting and the choice of such 
materials must be based on a compromise between 
these factors. The most economical of these ma-
terials for the purposes of this study is the asbestos-
cement-fibreboard panel. 
Methods of Assembly.-8. The type and size of 
the power equipment necessary for efficient fram-
ing are influenced by the structural system-the 
post and beam systems with their large member 
sizes requiring the most expensive equipment. 
For framing that utilizes a majority of 2-inch 
material, the following is the minimum power 
equipment recommended: 
10-inch radial arm saw. 
6- or 8-inch hand power saw. 
%-inch slow~speed drill. 
Where the 10-inch radial arm saw is available, the 
most efficient use will be made of the band-powered 
sa.w if it is the light-duty model. 
9. The method used in the assembly and 
erection of any framing system will, to a large 
extent, determine the efficiency of the system. 
Those methods tried during the erection of the 
wood framing test building are discussed briefly in 
this chapter and in appendix C. 
10. Erection and assembly methods vary with 
the various systems. These general conclusions 
were reached as being applicable to any framing 
system: 
a. Work that is accomplished on the ground 
rather than in the air will result in a more efficient 
operation. 
b. Where complex assemblies are required, 
extra care in pattern layout and the use of jigs will 
result in less trouble due to errors and misfits, and 
will pay for itself in more speedy assembly and 
erection. 
c. Complete working drawings are essential to 
economy in framing. 
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Planning 
Plan Type.-Since it is a generally accepted fact 
that a rectangular house is more economical than 
one in which offsets and recessed areas are in-
corporated, this study is concerned excl~sively 
with the rectangular house having a continuous 
roof line. Variations in floor and roof levels and 
intersections of roofs are all, to some degree, 
deviations from the most economical form for a 
normal site. 
The complete separation of structural and 
architectural functions of any framing system is 
impossible. It is probable that in residential 
construction these two functions are more closely 
integrated than in any other type of buildi~g. 
Although the goal of this project was an evaluatiOn 
of systems and methods of framing, it is im-
practical to consider this evaluation without an 
awareness of how the various systems influence 
the many other factors that enter into the final 
cost and adequacy of the completed building. In 
this section the. influence of the framing methods 
upon these correlated factors is discussed. No 
dollars and cents evaluation is possible for some of 
the factors since the relative importance of these 
items is dependent upon many complex variables 
that are beyond the scope of this project. 
To p~eserve the generality of this stu~y, it was 
desirable that the influence of planning as a 
variable be eliminated to the greatest degree 
possible. This was feasible since, with a few 
exceptions, the chosen systems were of the nature 
of clear-span systems. With a truly clear-span 
system, the enclosed space of the house. may be 
divided in any manner desirable. The Influence 
of the plan on the final cost of the house is there-
fore reduced to personal preferences as to the 
amount and type of non-load-bearing partitions 
without creating a direct influence on the cost of 
the framing and enclosure of the shell. (See 
appendix C for comparative plan flexibility.) 
It might be well to point out here that the econ-
omies claimed for clear-span construction are 
usually thought of in conjunction with truss c~n­
struction. A good portion of these economies 
(such as savings in the application of wall and 
ceiling. board, economies in installation of the 
plumbing, ease of storage of materials, etc.) are 
equally obtainable with any othe_r clear~span 
svstem and should rightly be associated with a 
~ethod of construction and not a particular kind 
of roof framing. 
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Finish Materials and Sheathings.-With the 
completion of the structural calculations, it be-
came clear that the cost of primary framing was 
reduced as spacing was increased. It was also 
clear that the realization of this. potential economy 
depended upon the cost of providing sheathing 
and finish materials for these systems. These 
last items, therefore, took on an importance that 
domina ted the remainder of the project. It was 
imperative for the validity of the final comparison 
that these items be chosen to provide substan-
tially the same degree of public acceptan.ce and 
durability for all the framing systems considered. 
Where some systems unavoidably provided a 
degree of acceptance greater than the minimum, 
no advantage was given to those systems. The 
builder, the contractor, and the architect must 
judge whether a greater cost can be j~stified ~y 
reason of a finished appearance that Is superiOr 
to· the minimum acceptable. (See appendix C 
for guides for finish materials.) 
Doors and Windows.-The variation in framing 
requirements for door and window openings was 
not evaluated as a part of this study. The amo~t 
and type of openings to be framed into a residence 
is a variable beyond the scope of this study. It 
is certainly tru~, however, that the an1ount and 
cost of the necessary framing are not equal for all 
of the systems considered. Some factors of cost 
variants are discussed in appendix C. 
Insulatwn.-The required amount of insulation 
for residential construction varies with the design 
temperatures for the various geographical areas. 
The policy for this study has been to provide 
sufficient insulation for a design temperature of 
-6° to -15°. The exact amount of insulation 
to be used is a function of economic factors in-
volving the total heat loss of the building (which 
is influenced by the amount of glass area), the 
cost of the heating plant, and the prevailing fuel 
prices. These factors are beyond the scope of 
this study. FHA Minimum Property Require-
ments would recommend U values as follows: 
Ceiling exposed to unheated space__ __ U = 0.15 maximum. 
Walls _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ U = 0. 27 maximum. 
The past practice of the SmaJl Homes Counqil has 
been to recommend values that are lower than 
these. 
The insulation used in the various systems and 
the U value for the complete section are as follows: 
1. Framed walls and pane]s-2-inch batt _____ U=0.100. 
2. 2-inch asbestos-cement-fibreboard wall 
paneL __ _____________ ___ ____ _ .. ______ . U = 0.160. 
3. 3-inch plank bearing wall-reflective insula-
tion __ _ -.-_ __ ____ ______ ___ _____ ____ ___ U = 0.148. 
4. Framed ceilings-4-inch batt__ __ _______ __ U = 0.061. 
5. 2-inch asbestos-cement-fibreboard ceiling 
paneL ___ _____ .: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ U = 0.150. 
6. 2-inch plank exposed ceiling-1 ~-inch rigid 
insulation_ _____ _____ _________ _____ ___ U = 0.132. 
As may be seen, these are not equal but" all are 
adequate by the criteria mentioned. In both 
cases (roof and wall), it is the asbestos-cement-
fibreboard panel that provides the least insulative 
value. This factor must be evaluated by the 
builder according to local conditions. 
Vapor Barriers.-A vapor barrier has been 
provided for construction as an integral part of 
the insulating batt. (See appendix C for detailed 
analysis.) 
For the purpose of sealing one of the main 
sources of moisture, a ground cover of 55-pound 
felt has been provided for both crawl space and 
slab construction. In the latter case, it has been 
applied on top of the gravel fill. 
. No insulation has been provided for the floor 
systems over crawl spaces since the perimeter of 
the crawl space has been insulated. With the use 
of heating systems that utilize the crawl space, this 
space will be warmed, and no vapor barrier has, 
therefore, been placed in the floor system. 
Curtain Wall Materials.-Considerable time was 
spent in attempting to devise an economical and 
efficient wood frame to be used with commercially 
available materials of the curtain wall type. It 
was imperative that this frame be competitive 
with the more conventional methods of framing. 
No sati~factory results were obtained from this 
investigation. This is, in part, attributable to 
certain conflicts in the prescribed functions for 
these materials. (See appendix C for discussion.) 
Heating, Plumbing, and Wiring.- 1-Iethods for 
assuring economy and adequate installations as 
wellasspecialproblemsarecontainedin appendix C. 
Methods of Assembly 
Test Building.-A test building, made up of 
sections of the various framing systems under 
analysis, was erected in the sun1mer of 1952. 
Throughout the construction of the test building, 
methods of erection and assembly were changed 
wherever the experiences from one method 
suggested modifications or improvements. It was 
felt that more was to be gained in the time-
reduction studies by trying a variety of methods 
than by concentrating on one method. The cost 
data used in the cost analysis phase of the project 
are based on the method chosen as being the most 
efficient and practical for each process. This 
choice was made on the basis of the trials made. 
These methods are discussed briefly in appendix C. 
Systems Eliminated During Architectural and Methods 
of Assembly Considerations .-
Three systems were eliminated from further 
consideration during this second phase of the in-
vestigation due to a combination of difficulties 
connected with flexibility in planni~g, location of 
doors and windows and site erection. These were 
the trussed bents, 3-hinged arch, and the tru'ssed 
wall (systems 15, 16, and L7, respectively, table 
I). The specific reasons for rejection are given 
below. 
Trussed Bents· 8' o. c.- This system included 
interior posts at the X and % points of the span. 
Greater spacings of the bents were not considered 
practical because of the necessary member sizes 
and the difficulty of spanning greater than 8 feet 
with sheathings or purlins. The system was in-
vestigated to determine the influence of the post 
spacing on planning. At the end of this study, it 
was decided that the lateral spacing of the posts 
(6'-12'-6') in a 24-foot span house resulted in an 
extreme lack of planning flexibility. (See ap-
pendix C.) This factor, plus several others, re-
sulted in the elimination of this system. 
This system contained exceedingly long posts 
that were to be imbedded in interior concrete 
footings. The bents were completely assembled 
on the ground and careful coordination with the 
concrete pours was necessary. They were very 
clumsy to handle and tip-up, and could not be 
handled by the three-man crew. Provisions had 
been ma.de to hold the bents at the proper level 
but they proved inadequate. It was necessary to 
simultaneously plumb the frames, to position 
them in three dimensions, and to hold them in 
position sufficiently long for the concrete to set. 
The only guide for proper placement in the trans-
verse direction of the building was a plumb line 
dropped to the foundations from the eaves of the 
frame. This, plus settling of the temporary sup-
ports, resulted in exceedingly long erection time. 
While these frames were eventually placed prop-
erly, it is certain that in a complete house they 
could not be economically located with sufficient 
accuracy to provide plumb, straight walls and flat 
roof planes. For these reasons, this system was 
eliminated. Cost data were obtained for primary 
framing only. 
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PLATE I.-Post and beam systems PLATE H.-Three-hinged arch in foreground 
PLATE III.-W Truss-2' o. c. 
PLATE IV.-w · Truss-.!/ o. c. :PLATE V.-Rigid pillar and lateral girt supporting trusses 
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• 
PLATE Vl.-Tongue-and-groove plank wall PLATE Vll.-General view--Exterior 
PLATE VIII.- Rafters and joists-2' o. c. 
PLATE IX.-Tip-up wall panels PLATE X.-Trussed bents in foreground 
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FIGU RE I.-System 15-Trussed bents 
COST DATA 
Primary Roof Framing---:--24' Span 
SYSTEM 15 
Material Size Quantity Units 
4 columns ___ ______ 2x8- 16'----- 85.33 BFM ____ 
1 bottom chord ____ 
2 bottom chord and 
top column splice. 
5 top chords _______ 
1 top chord and 
column splices. 
Bolts _____ _________ 
Washers ___________ 
Nails ______________ 
Ring connectors ___ 
Material, 8-ft. 
bay. 
2 X 6-16' ----- 16 BFM ____ 
2 X 4- 12'----- 16 BFM ____ 
2 X 8-16' ----- 107 BFM ____ 
2x8- 18'----- 24 BFM ____ 
248. 33 BFM ____ 
~2" X 9"------ 10 Each __ ___ 
~"----------- "20 ____ do __ __ 1Qd ___________ 
. 2 Pound __ _ 
2W'---------- 32 Each _____ 
Floor area=24X8=192 sq. ft. 
Unit price Cost 
$0. 145 36.008 
.129 1.29 
.0125 . 25 
.13 . 026 
. 11 3. 52 
41.094 
Total material, 100 sq. ft. of floor area (100/192X41.094) _ ______ __ $21.40 
Labor 
Carpenter _____________________ _________ _ 
Laborer __ --------------- - ------------- __ 
Labor, 8-ft. bay _______________ ________ _ 
Man-hours Hourly rate 
9. 01 2. 50 
5. 38 1. 50 
Cost 
$22. 525 
8. 070 
30.595 
Total labor, 100 sq. ft. of floor area (100/192X30.595) ______ __ ____ 15. 94 
Total material and labor___________ _________________________ 37.34 
Three-Hinged Arch 8' o. c.-One other system, 
the 3-hinged arch 8' o. c., placed a severe demand 
on the interior space. This system resulted in a 
framing member projecting into the room at 
8-foot intervals, and in the exterior wall being 
splayed below the 2'-6" level. This resulted in 
approximately a 12-percent reduction in livable 
floor area. The space beneath the splayed por-
tion of the outer wall is usable only as storage 
space but even for this function it is inconveniently 
located. In the prefabricated house from which 
the pattern was adapted, shelving was placed 
along the exterior walls to prevent the occupants 
from bumping their heads on the projecting fram-
ing member. Such a device reduces the livable 
space by 20 percent. This system also resulted 
in a house of unconventional appearance, both in 
and out, and presented serious problems in the 
framing of doors and windows and in the applica-
tion of wall materials. This system was dropped 
from further analysis when, in addition to these 
limitations, it was found during the preliminary 
cost analysis phase that greater potential econ-
omies were possible with other systems. 
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FIGURF~ 2.-System 16-Three-hinged arch 
COST DATA 
Primary Roof Framing- 24' Span 
SYSTEM 16 
Material S ize 
4 rafters _________ __ 3 x 8- 16'- - __ _ 
2 diagonals ______ __ 3 x 8- 12'-----
1 verticaL _________ 3 x 4- 12'-----
2 verticals _____ ____ 2 X 4-16' -----
Nails _________ _____ 12d ___________ 
Bolts ______________ ~"x8"-- - - --
Bolts _------------- ~" x9"------
Washers ___________ ~"- ----------
Ring connectors ___ 2~"----------
Quantitu 
128 
48 
12 
188 
21.3 
.475 
2 
6 
16 
16 
Units 
BFM ___ _ 
BFM ___ _ 
BFM ___ _ 
BFM ____ 
BFM ____ 
Pound ___ 
Each ____ _ 
__ do ______ 
__ do __ __ __ 
__ do ______ 
Unit price Cost 
$0. 150 
.150 
. 150 
. 150 $28. 20 
. 145 3. 089 
. 13 .062 
.115 . 230 
. 129 . 774 
. 0125 . 200 
.11 1. 76 
Material, 8-ft. bay______ __ ______ ______________ ___________________ 34.315 
Floor Area= (21.1 X8) = 169 sq. ft . 
Total Material100 sq. ft. of floor area (100/169X34.315) ____ __ _____ _ $20.31 
. Labor 
Carpenter_------------------- _________ _ _ 
Laborer ______ __ _______ _________________ _ 
Man-hours Hourlu rate 
6. 46 2. 50 
1.17 1.50 
Cost 
$16. 15 
1. 756 
Labor for 8-ft. Bay ----------------- - -__ 17. 006 
Total labor, 100 sq. ft. of floor area (100/169X17.006) _ _ ___ ___ __ 10. 60 
Total material and labor___________________________________ 30. 91 
Trussed Wall.-This system was not carried to 
the structural design stage due to difficulties in 
door and window framing and in the support of 
sheathing and finishes. In order to clear a 3'-0" 
x 6'-8" door, the diagonals in this system 
must be placed so as to have a horizontal run of 
9 feet between intersections at the top and bot-
tom chords. If verticals are used in the truss 
pattern, this results in the panel points occurring 
at 9-foot centers but the use of verticals is not 
possible at door locations. If the verticals are 
eliminated, the panel points are 18' o. c. Even 
if this spacing could be justified, the location of 
exterior doors is limited to positions at 18' inter-
vals along the building length. With this posi-
tioning of the truss diagonals, subframing for the 
support of sheathing and finishes would be re-
quired and this would have to be cut in between 
the diagonal and chords with bevel cuts. In 
view of the difficulty of this operation and the 
limitations on door and window placement, this 
system was not investigated further .. 
25 
CHAPTER IV 
Cost Analysis 
Summary 
Within the limitations of this study, the most 
economical fran1ing and covering for each system 
are illustrated by the construction drawings in 
chapter V. The following general conclusions 
may also be drawn from the cost analysis: 
1. In all systems, all spacings and at all spans, 
the flat roof showed economy over the pitched-
roof systems. 
2. The most economical framing possible con-
sists of the flat roof-,joists 2' o. c. system, 1-B, 
with a central-beat·ing partition and slab construc-
~ion.1 The most economical span for this framing 
IS the 32-foot span. Variations between this span 
and 24 feet can be accomplished with a slight in-
crease in cost; below the 24-foot span, the penalty 
becomes rapidly more severe. 
3. The second ranking system is that of system 
2, trusses 2' o. c. on slab construction.1 The most 
economical span for this system is 24 feet. A 
lesser increase in cost will be incurred at greater 
spans than at lesser spans. 
4. Economies in items 2 and 3 above are mainly 
attributable to the influences of the perimeter/ 
floor area ratio, which is a decreasing function, and 
the gable end area/perimeter, which is an increas-
ing function and which is dominant between the 
24- and 32-foot spans. These results are also 
influenced by the greater cost of gable end area 
when compared with side wall area. The ratio 
between these two costs has been estimated as 
1.5 to 1.0. 
5. Third ranking system (1-A) is that of rafters 
and joists 2' o. c. This system would be subject 
to the same influences as those mentioned for 
trusses 2' o. c. 
6. An increase in the spacing of the primary 
framing members will result in a reduction of the 
square foot cost of that framing. 
7. This effect is slightly more predominant in 
the truss systems than in the post-and-beam sys-
1 High level site, subject to variation for other conditions. 
29·7276 0-55-3 
terns. This is attributable to the fact that the 
post-and-beam systems require the same size 
ridge beam regardless of the spacing of the trans-
verse members. 
8. While the primary purpose of framing is the 
structural support of the imposed loads, from the 
cost point of view the primary purpose of the 
framing is the support of the coverings (sheathings 
and finish materials). This is · true for roof wall 
' ' and floor framing. 
9. The influence of the coverings is of major 
importance. If economies in the primary framing 
are to be realized at extended spacings, coverings 
must be provided at the same unit cost as those 
for the lesser spacings. This is not possible with 
the materials available and at the prices prevalent 
at the time of this project. 
10. At extended spacings, the truss systems 
show a cost advantage over the post-and-beam 
systems. This is attributable to the greater 
expense involved in providing suitable sheathing, 
insulation and vapor barrier in the exposed 
sheathing systems. 
11. At extended spacings, for all systems and fQr 
both flat and pitched roofs, the least cost is 
achieved at the 8' o. c. spacing. This is attribut-
able to the fact that, at 4 feet and greater spacings, 
the cost of coverings is substantially the same 
while the cost of primary framing decreases. 
12. No wall framing for any system could be 
devised that was more economical than the2'' x 4'' 
' 2' o. c. tip-up wall. The most economical wall 
framing for all systems generally consists of a 
modification of this framing. 
13. Where interior partitions and end walls are 
available and sufficient, lateral stability under 
wind loads can be provided most economically by 
utilizing these partitions and the end walls of the 
building. · 
14. The extended spacing systems offered no 
economy in either the floor framing or foundation 
components. 
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Dollar-and-cents evaluations of each system, 
and the differential between systems can be found 
in charts I-VIII and in the accompanying text. 
General Characteristics 
During the structural and architectural phases 
of this investigation, the various framing systems 
were designed, detailed, and arranged to be 
adequate and approximately equal in regard to the 
following characteristics: 
1. Structural strength. 
2. Insulative value. 
3. Vapor permeability. 
4. Covering materials (sheathing, finish ma-
terials, etc.). 
5. Influence on planning. 
6. Acceptability of the completed building. 
Nine systems · of the 18 selected originally were 
t 
considered to meet these criteria of adequa.cy and 
approximate equality and remained for detaiJed 
cost analysis. These were: 
Flat and pitched roofs 
1. Conventional framing-2' o. c. 
2. Trusses-2' o. c. 
3. Trusses--4' o. c. 
4. Trusses-6' o. c. 
5. Trusses 8' o. c. 
6. Post and Beam 4' o. c. 
7. Post and Beam 6' o. c. 
8. Post ·and Beam 8' o. c. 
9. Plank and Quarter Beam. 
In addition it was decided to obtain data on 
assembly and erection of trussed bents, 8' o. c. 
and the 3-hinged arch, 8' o. c. In the process, 
costs of the primary roof framing of these two 
systems were obtained. Costs for the entire shell 
were not obtained due to the difficulties encoun-
tered as previously reported. 
A· considerable number of combinations of ma-
terials and subframing was possible for each com-
ponent of each framing system. Further combina-
tions between components (roof, walls, and floors) 
were possible and these combinations were com- · 
pounded by choices between flat and pitched roofs 
and between crawl-space and slab-floor construc-
tion. It was, therefore, necessary to keep the 
method of cost analysis as flexible as possible in 
order to select the most. econon1ical of these 
combinations as the study progressed. 
For this purpose, the "in-place" cost of all 
. materials and assembly was calculated on the basis 
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of 100 square feet of floor area. The development 
of the total cost chargeable to any system could 
then be accomplished by combining the most 
economical materials into the most economical 
component for each system, and by further com-
bining these components into the least expensive 
total cost possible for each system. These "in-
place" unit costs for materials and framing are 
listed in chapter V. These costs are comput.ed on 
the material quantities and labor rates shown in 
chapter IV. The labor rates were as follows: 
P er hou r 
Carpenter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ $2. 50 
Laborer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 50 
Roofing foreman __________________________ 2. 55 
Roofer _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 30 
Asphalt tile setter (may be carpenter)__ _______ 2. 50 
Mason ___________________________________ 3. 50 
Cement finisher _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 50 
The final criterion for the evaluation of these 
systems is therefore "in-place" cost. A valid 
evaluation of the cost involved in these framing 
systems cannot be limited to the framing alone. 
The influence of the covering materials upon the 
framing cannot be ignored; however, in an effort 
to limit the variables involved, some limitations 
on the cost analysis were necessary. 
Limitations of the Cost Analysis 
The goal was a cost comparison of the selected 
systems rather than a detailed evaluation of any 
one system. The following limitations are valid 
for this purpose: 
1. The comparison is based on the prevailing 
wage rates and material prices for the Champaign-
Urbana, Ill, area as of February 1952. 
2. The comparison is based on ~ one-level, 
rectangular house of approximately 1,000 square 
feet on a high, level site. The roof is limited to a 
single level and is either dead flat or a simple 
5/12 slope roof. 
3. The comparison is applicable to those 
systems as shown in the drawings of chapter V, 
when constructed according to the methods 
discussed in methods of assembly. 
4. The comparison is based on wall and roof 
areas without openings. 
5. The comparison is based on a "shell' house. 
This shell includes: 
a. Roof, ceiling, wall, and floor framing (crawl 
space and;or slab). . 
b. Roofing, insulation, and vapor barriers. 
c. Exterior sheathing and exterior and interior 
finish materials applied and ready for 
decoration. 
d. Finished floor surface. 
e. Foundations, flashing, rough grading. 
This comparison specifically excludes: 
a. Interior partitions. 
b. Doors, windows and other openings. 
c. Fascias, soffits and exterior trim. 
d. Interior trim. 
e. Plumbing, heating, wiring. 
f. All decorating, painting, and finishing. 
6. The eomparison is based on a single-house 
project. 
It should be emphasized that the essential 
factor involved is comparison and that this 
purpose may best be served by limitation of 
the many variables that are secondary to this 
comparison. The division between factors to 
be evaluated and not to be evaluated was made 
on the basis of their influence upon the cost of 
framing, the degree to which opinion and per-
sonal taste entered into the operation (such as 
finishes and trim), and the least common de-
nominator that could be established for each 
component (i. e., some materials considered for 
one system included insulation, vapor barrier, 
and finish materials in one product and therefore 
made an evaluation of these factors in other 
systems mandatory). 
The influence of volume production on the 
cost of residential construction has been well 
illustrated by many builders. 'The suceess or 
failure of these operations is in large measure a 
function of the advantage in the materials and 
labor market that can be obtained with volume 
production, and it is felt that the type and method 
of framing is of secondary inportance to these and 
many other factors. The volume construction of 
any framing system is a production problem that 
is beyond the scope of this project and the material 
prices used throughout this study are not believed 
to be applicable to large volume building. - How-
ever, the comparison of framing costs presented 
here may be valuable to the volume builder when 
viewed in the light of his own materials and labor 
market. 
Method of Cost Estimating 
All methods of cost estimating are subject to 
certain variables that cannot be evaluated except 
on a statistical basis. The most important of 
these are: 
1. Fluctuations in material and labor rates. 
2. Influence of the site and weather on labor 
productivity. 
3. Influence of familiarity and repetitive proc-
esses upon labor productivity. 
4. Builders' overhead, economic position, in ven-
tory and available credit. 
To eliminate the influence of thes~ factors to 
the greatest d~gree possible, the following method 
was used. All framing systems were built on the 
same site (test building) with the same tools and 
facilities available. The same crew of union 
carpenters and laborers was used on all systems. 
Work on the framing systems was completed 
within the span of 1 month with approximately 
equal weather conditions. The carpenters em-
ployed were obtained from the University Physical 
Plant staff and had not been engaged in residential 
framing during the previous 2 years. They were 
equally unfamiliar with all of the framing systems 
involved with the exception of the conventional 
rafter and joist method. Material prices used 
were the "delivered-to-the-site" contractors' 
prices. The cost of each system shown in the 
comparison is the cost to the contractor, exclusive 
of overhead and profit. 
Framing lumber volumes were based on the 
standard lengths from which individual pieces 
had to be cut. Sheet materials, roofing, etc., were 
charged to each system with a 5 percent allowance 
for wastage. 
During the erection of the test building, time 
records were kept on each framing system by a 
member of the project staff. Another member of 
the staff was also present as an observer and kept 
a record of the difficulties observed and the 
methods tried in each system. 
As each framing system was begun, the drawings 
and instructions were explained to the carpenters. 
The carpenters then accomplished the necessary 
framing under the general supervision of the 
observer from the project staff. Where errors 
occurred, these were corrected and the time 
consumed ·in correcting the error was not charged 
to the system involved. 
The time data gathered during the erection of 
this building were used as a basis for judgment in 
estimating the labor involved in each framing 
system. The final cost charged to each system 
includes allowances for idle time and fatigue. 
The time records from this building were supple-
29 
mented by cost information from standard sources 
and from previous studies conducted by the 
Small Homes Council. A list of these sources 
appears at the end of this chapter. 
Adjustments for Overhangs and End Walls.-ln 
computing the "in-place" unit costs for roof 
framing and covering materials, it was necessary 
that an adjustment be made for overhangs. This 
was accomplished in the pitched-roof systems by 
using an overhang of 2 feet measured parallel to 
the .slope. The rafter lengths used are the next 
standard length beyond the minimum standard 
length that would span the distance with no 
overhang. Thus, no advantage is given to any 
system whether it is built with no overhang or 
with any overhang up to 2 feet measured 
parallel to the slope. 
In the flat-roof systems, a different approach 
was necessary. Since building spans were meas-
ured to inside of plates, the length of joist used 
was the next standard length beyond one-half the 
nominal building span. For example, on a 
24-foot span, two 14-foot length joists were used. 
This resulted in an overhang of approximately 
18 inches, which is about 4 inches less than that 
of the pitched-roof systems. For both flat- and 
pitched-roof systems, the total cost, including 
overhang, was calculated in terms of 100 square 
feet of floor area. 
A similar adjustment for wall costs was neces-
sary to include the influence of the end walls of 
the building. For the flat-roof systems, this was 
accomplished by pro-rating the cost of the end 
walls as calculated on the basis of a 1,000 square 
foot house. 
For the pitched-roof systems, a more complex 
adjustment was necessary. Since it had not been 
possible to construct end walls for each framing 
system as part of the test building, a brief study 
was undertaken to determine the influence of this 
factor. The pertinent relations between the areas 
involved can be seen on chart I. Assuming a 
flat-roofed house of 1,000 square feet, the perimeter 
of the house and hence the area of the side walls 
decreases as the house approaches a square. This 
decrease occurs most rapidly between the spans 
of 16 and 24 feet with a reduction in wall area of 
192 square feet. Between 24- and 32-foot spans, 
CHART I. -Two gable ends in equ.ivalent side wall area plus area of s£de walls 
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a further reduction of only 32 square feet is 
accomplished. 
When a house with a 5/12 slope roof is considered, 
this relation is altered, for as the span of the house 
increases, the area of the gable end increases as the 
square of the span. The net effect of these two 
actions is to reduce the total wall area of the 
building between the spans of 16 and 24 feet. At 
spans greater than 24 feet, the increase in the 
gable end area becomes predominant and the total 
wall area of the house increases. 
With the calculation of these relations, the im-
portance of the gable end became apparent. For 
this reason, the relative cost of side· walls and 
gable ends was investigated. The gable end, as 
built for constructions with a conventional hori-
zontal ceiling, is usually framed with rafters and 
a single 2" x 6" plate that furnishes nailing for 
the ceiling board. Vertical members are bevel cut 
to fit between rafters and plate to provide nailing 
for the exterior finish material which may be 
applied without sheathing or insulation. 
This entire assembly may be put together on 
the building deck in a jig and then man-handled 
into place on the end-wall plates. The use of the 
same finish material on the gable end as on the 
side wall results in some difficulty. Since the 
gable end is placed after the end wall is erected, a 
horizontal joint results at the plate line. It is 
possible to provide a weather joint by lapping the 
gable finish over the end-wall finish. In addition, 
it has been common practice to provide a change 
in finish materials at this point for architectural 
appearance. For these reasons, the gable end is 
commonly covered with vertical tongue and groove 
siding boards and battens, or bevel siding. 
Regardless of the material, the result is a con-
siderably higher investment in finish material at 
the gable ends than in the side walls although this 
tends to be offset by the lack of sheathing and 
insulation. In reviewing other cost records of 
the Small Homes Council, it was noted that the 
more complex framing and the more expensive 
finish material resulted in a square footage cost 
for gable ends that was approximately one-and-
one-half times as great as that for side-wall fram-
ing. For the purposes of this study, therefore, 
the pro-rated gable ends of the pitch;ed-roof 
systems have been charged at the rate of one-and-
one-half the side wall rate. 
The influence of this assumption on the areas 
involved is also illustrated by chart I and it may 
be seen that this factor accentuates the relations 
previously discussed relative to span and wall 
areas. While the 1.5 factor is an estimate that 
may not be equally accurate for all methods of 
wall framing, variations from this figure would 
be expected to be sufficiently small to be negligible 
after the gable-end costs are pro-rated to the side 
walls.2 The relations illustrated here indicate that 
the square plan 1·s not the most economical shape for· 
pitched-roof, residential construction from a framing 
point of view. A full evaluation of this point will 
be included in the final phase of the cost analysis. 
Results of Cost Analysis 
Roof Components (Includes Ceiling) .-Sixteen 
different roof components were evaluated in this 
pnase-5 flat-roof and 11 pitched-roof, as follows: 
FLAT RooF 
Joists 2' o. c. with bearing partition. 
Post and Beam 4' o. c. 
Post and Beam 6' o. c. 
Post and Beam 8' o. c. 
Plank with Quarter Beams 
PITCHED RooF 
5 systems above plus: 
Trusses 2' o. c. 
Trusses 4' o. c. 
Trusses 6' o. c. 
Trusses 8' o. c. 
Trussed Bents 8' o. c. 
3 Hinged Arch 8' o. c. 
(1) Cost Comparisons for Primary Framing.-
When only the primary framing is considered, 
chart II shows: 
a. The most economical primary framing sys-
tem for both flat and pitched roofs is the quarter 
beam system, consisting only of longitudinal beams 
and supporting posts. 
b. The flat roof-joists 2' o. c. system ranks next 
in economy and is attributable to the fact that the 
joists are supported by a bearing partition. The 
cost charged in the prin1ary roof framing, consists 
only of the extra top plate required for bearing 
partitions. For flat roof systems at greater than 
2--foot spacings the cost of a structural ridge beam 
is charged to the primary roof framing. 
c. A definite trend toward a reduction of costs 
of primary framing as the center-to-center spacings 
2 An error of 20 percent in the estimation ot this factor would result in an 
error of ~poroximately 3 percent in the comparison of walls, and of approx-
imately 1 percent in the comparison of'\\ c11l plus roof components. 
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CHART II. -Primary comparison-Roof components 
RAMING ROOF 
SYSTEM TYPE 
COST PER 100 SQ. FT. OF FLOOR AREA 
(BASED ON 24' SPAN) 
of the structural frames are increased, except for 
the fiat roof joist 2' o. c. 
d. For flat roofs a cost advantage is shown, for 
primary framing, over pitched roofs with trusses 
or post-and-beams. 
e. For pitched roofs no significant difference 
exists between costs for framing with trusses or 
post-and -beams. 
(2) Finish Materials Alter Cost Trend.-The 
addition of sheathing, roofing, insulation, vapor 
barrier and ceiling construction completely alters 
the trend noted above. Chart II shows that the 
most economical roof components are those at 
2-foot spacings. The fiat roof is the most econom-
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ical at $87 per 100 square feet, trussed roof next 
at $90 per 100 square feet, and rafters and joists 
third at $99 per 100 square feet. 
At 4-foot spacings., the fiat roof component 
shows a slight advantage over pitched roof com-
ponents with trusses or post-and-beam ($112, $113, 
$131), while a s]ight increase is noted with in-
creased spacing. Components with trusses at 
greater than 4'-0" spacings now show an advan-
tage over both the pitched and fiat post-and-beam 
components at the same spacings (6' o. c. $109, 
$127' $123; 8' 0. c. $103, $127' $122). 
An explanation of these results can be found in 
chart III, and by considering these factors: 
a. For 2'-0" spacings, the increased cost of 
plywood sheathing over l-inch boards was suffi-
cient to overcome the labor savings involved. 
One-inch boards were therefore most economical. 
b. For the trussed roof components at greater 
than 2'- 0" spacings, purlins with l-inch boards 
were more economical than plywood with purlins, 
2-inch 848 plank, %-inch plywood with blocking, 
or 2-inch tongue and groove plank. 
c. Since the exposed sheathing material was 
necessary cost-wise for the post-and-beam systems, 
the choice of sheathing was limited to 2-inch 
tongue and groove at the 6- and 8-foot spacings 
and to 2-inch tongue and groove or asbestos- · 
cement-fibreboard panels at 4-foot spacing. 
d. All sheathings at greater than 2-foot spacings 
of t.he framing members represent a considerable 
increase in cost (as much as twice- $24.53 vs. 
$54.45). 
e. These. increases, based on square footage, 
CHART III.-Primary CO!fLparison-Roof sheathing 
COST PER 100 SQ. FT. 
SHEATHING TYPE OF FLOOR AREA 
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easily overcome the savings in primary framing. 
The situation is exactly analogous to that of the 
framed curtain-wall panels that were discussed 
earlier. 
f. The ceiling construction for trusses at greater 
than 2' -0;' spacing also influenced these results. 
Two- by four-inch purlins 2' o. c. were necessary 
at 4-, 6-, and 8-foot spacings of the primary 
framing.3 
g. It may be seen from chart II that the. cost 
of insulation and vapor barrier for the post-and-
beam components is approximately equal to the 
cost of the ceiling construction including insulation 
in the trussed components. 
These other points should be noted. The fiat-
roof components consistently ran less than the 
pitched-roof systems at the sa,me spacings although 
the placing of the built-up roof was calculated as a 
subcontract and included the subcontractor's 
overhead and profit. In all of the trussed-roof 
systems, the materials-to-labor cost ratio ran 
approximately 70 to 30, while in the post-and-
beam systems the ratio was approximately 85 to 15. 
Wall Compor1.ents.- Six different wall com-
ponents were evaluated in this phase, a.s follows: 
1. Tip-up wall, 2" x 4" studs, 16" o. c. 
2. Tip-up wall, 2" x 4" studs 24" o. c. 
3. Posts 4' o. c. with asbestos-cement fibre-
board laminates. 
4. Posts 6' and 8' o. c . . with 1" x 4" framed 
panels. 
5. Posts 8' o. c. and lateral girts. 
6. Three-inch tongue and groove bearing wall. 
Two wall components were eliminated in pre-
liminary- analyses. The first of these was the 
rigid pillar and lateral girt. Since the girts were 
horizontal, the sheet materials possible with the 
vertical framing systems could not · be used. No 
exterior finish material could be found which 
would allow this component to he competitive 
with tip-up stud wall construction. Consequently, 
this resulted in the elimination of the rigid pillar 
and lateral girt (system 18) from further con-
sideration for economy in framing. 
The second wall component to be eliminated 
was the tip-up wall, 2" x 4" studs 16" o. c. since 
the same objectives could be attained by 2" x 4" 
studs, 24" o. c. at lesser cost. 
3 At least one system of light metal purlins has been recommended by 
others for residential ceiling framing at 4' o. c. In attempting to purchase this 
system locally, it was found that it could not be purchased separately from 
the specific tile for which it was designed . This tile was sufficiently high in 
material cust that no economy was possible with the total system . 
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Comparison of Tip-Up Stud Walls 
CONSTRUCTION 
Sf' o. c. 16" o. c. 
Studs ______________ 2" x 4"----------------------- 2" x 4". 
Sheathing _________ %" gypsum with corner ~"fibreboard . 
braces. 
Siding _____________ Ys" asbestos cement_ _________ ~" asbestos cement 
Insulation ______ ___ 2" batt_ ______________________ 2" batt . 
Interior finish _____ 72" gypsum __________________ Ys" gypsum. 
COST (In terms of 100 sq. ft. of wall area) 
Framing and erecting (includes studs, top and bottom 
plates, sheathing, siding, and bracing where re-
quired) : 
MateriaL . . . _________________________________________ _ 
Labor ________ ----------------------------------------
Insulation and vapor barrier : 
MateriaL ___________________ _________________________ _ 
Labor ________ --- _______ ---- __ -- ____ - -----------------
Gypsum dryboard: 
MateriaL __________ __________________________________ _ 
Labor ___ ----- ____ ------------------------------------
TotaL . __________________________________________ _ 
t4'' o. ·c. 16" 0 . c. 
$33. 77 $39. 60 
8. 96 9.35 
5. 93 5. 76 
1. 65 1. 65 
7. 62 7. 09 
7. 32 7.32 
65. 25 70. 77 
DUierence, per 100 sq. ft . of wall area .. ----------- ---------------- ------5.52 
Chart IV shows the comparison of the remaining 
four wall components. Costs for each type wall 
component are shown for pitched and fiat roof 
framing systems. In all types, the wall component 
for fiat roofs is more economical than that for 
pitched roofs. This difference is attributable to 
the influence of the gable end in pitched roof 
construction as discussed above. 
It will also be noted on chart IV that, for the 
pitched-roof framing systems, the tip-up stud 
wall with studs at 24" o. c. is the most economical 
wall component and that the asbestos-cement-
fibreboard laminate ranks second. For the fiat-
roofed framing systems, the tip-up wall and the 
asbestos-cement-laminate are equal. The rela-
tively high costs of the framed curtain wall 
panels has been explained earlier. The 3-inch 
tongue and groove plank wall ranks last and this 
is attributable to the material costs involved. 
The division between labor and materials for 
wall components is approximately as follows: 
Labor Material 
(Percent) (Percen t) 
Tip-up wall , framed panels_______________ 27 73 
3-inch tongue and groove bearing walL____ 19 81 
Asbestos-cement-fibreboard paneL ________ 8 92 
Wall and Roof Components.- Chart V presents 
the results of the addition of the roof and wall 
components. This comparison carries the com-
plete shell down to the floor construction and 
foundations. The same trend persists. The shells 
with fiat roofs show an advantage in each system. 
The 2' o. c. spacing of the primary framing 
CHART IV.-Primary comparison-Wall components 
WALL 
FRAMING 
TEM 
ROOF 
TYPE 
COST PER 100 SQ. FT. OF FLOOR AREA 
(BASED ON 241 SPAN) 
remains the most economical for both flat and 
pitched roof shells. 
At extended spacings, the flat roof 4' o. c. 
post-and-beam shell shows economy over the 8-
foot spacing in both the trus~ed and post-and-
beam shells. This is due to the influence of the 
asbestos-cement-fibreboard wall panel. The abil-
ity of the trussed systems at extended spacings 
to use purlins and board sheathings gives them 
an advantage over the pitched roof, post-and-
beam system. 
The quarter-beam system which originally had 
shown the most economical p-rimary framing, as 
can be seen, has become one-of the most expen-
sive systems. This is attributable to the larger 
volume of tongue-and -groove plank used in the 
roof sheathing and in the 3-inch bearing wall. 
Floor components (era wl-space construction).-In 
a preliminary analysis for joists at conventional 
spacings, the following combinations of materials 
were considered: 
1. Tongue-and-groove boards and hardwood 
flooring. 
2. Plywood and asphalt tile (blocking at ply-
wood joints). 
3. Tongue-and-groove boards, underlayment 
and asphalt tile. 
As a result of this investigation, joists 24 inch 
o. c. with ~-inch plywood subflooring and asphalt 
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CHART V.-Secondary comparison-Roof and wall components 
COST PER 100 SQ. FT. OF FLOOR AREA 
FRAMING ROOF 
SYSTEM TYPE 
(BASED ON 24' SPAN) 
00 I 0 . 0 
8 
189 
89 
9 
,$215 
f/UMJ4/ZJ. .t&J-s~ o"Yt-~~~-~m~~ ase 
:r.ktt.¥a~ a~o''% 
tile were chosen as the most economical floor 
component for use with the conventional wall 
components. 
This choice was primarily influenced by the 
comparable costs of the available finish flooring 
materials. Also it resulted in a consistent floor 
covering between the slab and crawl-space floor 
components. 
Chart VI illustrates the comparison of this 
component with three different conditions of load-
ing on the 8-foot span center girder. Also in-
cluded in this comparison are four other types of 
floor components that may be used with any wall 
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fter first phase 
system but have particular advantage when used 
with the post-and-beam system. 
For the sake of convenience in comparison and 
for retaining consistency in figures for total costs, 
the costs of the perin1eter wall header, sill plate, 
batt insulation and asbestos cement strip ($15.57) 
have not been included. in the 3 conditions of 
loading on the 8-foot span center girder. These 
items were not required in the other systems, due 
to the exterior wall pier type of construction. 
It is apparent that if any of the latter type of 
floor components showed any cost advantage, it 
would be necessary to include the costs of the 
perimeter wall header construction in adapting 
them to the first three systems. 
From this chart it may be seen that no signifi-
cant difference in cost exists for the three con-
ditions of center-girder loading. This means that · 
the same cost may be expected for floor construc-
tion over a crawl-space or basement regardless of 
whether the girder carries roof, ceiling and floor 
loads, as in the flat-roof shell; ceiling and floor 
loads, as in the conventional rafter and joist 
shell; or floor loads only, as in the trussed-roof shell. 
No cost advantage is found in those floor 
components that are particularly adaptable to the 
post-and-beam systems. 
Foundation Components.-At this point in the 
cost analysis, sufficient information existed to 
definitely establish that the most economical 
wood framing systems within the limits of this 
study, were those in which the primary members · 
were spaced 2 feet o. c. Any hope for economy 
in the extended spacing systems was completely 
dependent upon the provision of significant 
economies in the foundations of these systems. 
For example: To overcome the cost advantage 
shown by the most economical framing system at 
the 2-foot spacing (flat roof-joists), the most 
economical system at extended spacings (trusses 
8 feet o. c.) would have to produce savings in the 
foundations of more than $200 in a 1,000 square 
foot house. 
During the original survey of the bibliography, 
several suggestions for economical foundations 
CHART VI.-Primary comparison-Floor components 
FRAMING 
SYSTEM 
~OST PER 100 SQ. FT. OF FLOOR AREA 
ROOF (BASED ON 241 SPAN ) 
TYPE 10 20 30 40 50 so 10 eo 90. 100 110 120 
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had been noted. In general, these methods cOJJ.-
sisted of isolating the structural functions of the 
foundations in piers at the spacing of the primary 
framing. The economy of these methods ·de-
pended upon reducing the cost of the necessary 
foundations between piers through the use of 
frost walls, grade beams, or through the elimina-
tion of footings. The adequacy of all the methods 
noted depended upon the influence of soil type, 
moisture · conditions, frost action and heat loss 
from the completed building. 
At the present time, it is not felt that the 
relative influence of these factors is sufficiently 
clear to allow an evaluation of these methods 
within the limits of this study. For this reason, 
the foundations specified for the extended spacing 
systems are conventiona,l in construction with the 
exception that piers or pilasters have been pro-
vided in the exterior walls where necessary. 
A preliminary comparison of these foundations 
with those necessary for framing systems spaced 
2 feet o. c. quickly resulted in the elimination of 
the extended spacing foundations as a potential 
source of economy. This can readily be realized 
by considering that the costs of labor and material 
for the ite;ms listed below would have to be added 
to the costs of foundations for the 2 feet o. c. 
framing systems. 
1. Footings for the exterior piers represent an 
increase in the volume of excavation and neces-
sary concrete. 
2. Whether constructed of n1asonry block or 
poured concrete, the construction of the exterior 
wall piers also increases the cost of these founda-
tions. 
3. Provision of perimeter insulation for slab 
construction must also be accomplished at a 
greater cost since the insulation must be fitted 
around the pier on the interior of the foundation 
wall, or it may be placed on the exterior of the wall 
if protected by the wall plate and a covering 
material.4 
Recapitulation.-Vhth the elimination of the 
extended spacing systems as potential methods of 
achieving framing economy, only the 2' o. c. 
systems remained. Of these, the most economical 
is the flat roof-joists 2' o. c. Second most eco-
nomical system is that of trusses 2' o. c.; this is 
the most economical of the pitched-roof systems. 
Third ranking is the rafters and joists 2' o. c. 
system. 
• Shown in chapter V, systems 9, 10, 11, 12, 13, and 14. 
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The difference between the first two systems is 
$6.17 per 100 square feet of floor area for crawl-
space construction and $1.35 per 100 square feet 
for slab construction. This saving in flat-roofed 
construction can be broken down as follows: 
COST ADVANTAGE-FLAT ROOF 
Joists 2' o. c., Trusses 2' o. c. 
Primary framing: Slab Crawlspace 
Material ___ __ ___________ _ $5.48 $5. 48 
Labor ___________________ _ 3. 96 3. 96 
Sheatlllng ______ ~------------- 2. 19 2. ~9 
Roofing __ ___________________ _ 
-6.03 -6.03 
Ceiling ___ ___________________ _ 
-2. 59(0) - 2. 59(0) 
Walls: 
Framing and sheathing ____ _ 7. 50 7. 50 
Interior finish ____________ _ 
-3. 16(0) -3. 16(0) 
Flnor and foundation _________ _ 
-6.00 -1. 18 
Cost advantage: 
Worst condition __________ _ 1. 35 6. 17 
Planned wall and ceiling 
board schedule _________ _ ( 7. 10) (11. 92) 
As can be seen, the primary savings in the flat-
roof system is achieved in the walls (elimination of 
gable ends) and that this is closely followed by 
labor and rna terial savings in the primary framing. 
These factors are more than enough to overcome 
the influence of the subcontracted built-up roof. 
The differential between trusses 2' o. c. and 
rafters and joists 2' o. c. is $12.36 for crawl-space 
construction and $18.01 for slab construction per 
100 square feet of floor area. This advantage of 
trusses may be broken down in this manner: 
COST ADVANTAGE-TRUSSES 
2' o. c. Rafters and Joists 2' o. c. 
Primary framing: Slab Crawlspace 
Material _____ ___________ _ $5. 61 $5. 61 
Labor ___________________ _ 
. 65 . 65 
Ceiling ______________________ _ 2. 59(0) 2. 59(0) 
Walls _______________________ _ 3. 16(0) 3. 16(0) 
Floor and foundation _________ _ 6. 00 1. 18 
Cost advantage: 
Worst condition __________ _ 18. 01 12. 36 
Planned wall and ceiling 
board schedule ________ _ _ ( 12. 26) (7. 44) 
In this comparison, it can be seen that material 
savings in the primary framing are of most influ-
en.ce and that the greatest savings will occur with 
slab construction. 
Some additional points should be made con-
cerning the two comparisons shown. The only 
portion of the bearing partition charged to the 
bearing-wall systen1s is the extra top plate com-
monly required. The greater savings shown for 
slab construction are attributable to the thickened 
slab required for the bearing-partition systems. 
The cost charged to the application of the ceiling 
and wall board for flat roof-joists 2' o. c. and for 
rafters and joists 2' o. c. is an estimate based on 
the erection of all interior partitions prior to the 
application of either wall or ceiling board. This 
is the worst condition for these systems but it 
represents the conventional sequence of con-
struction. 
The builder who wishes to use flat roof or rafter 
and joist construction can speed the application of 
both of these materials if the board layout is 
planned in advance and if only the center bearing 
partition is erected before the application of the 
board. 
Such an erection schedule alters the figures that 
have been quoted to those shown in parenthesis in 
these comparisons. Note that this increases the 
advantage of the fiat roof over trusses and de-
creases the advantage of trusses over rafters and 
joists. 
Final Comparison-Influence of Span.-The 
rafter and joist 2' o. c. system was eliminated 
from further comparison and the. final phase of the 
analysis was undertaken to show the comparative 
economies of crawl-space versus slab construction 
and to illustrate the influence of span upon 
total cost, including the foundation and floor 
components. 
Chart VII shows the results of this comparison 
and the cost breakdown between roof, wall, floor, 
and foundation components. (For slab con-
struction these last two components have been 
combined into one.) (The cost item of $15.51 for 
perimeter wall header, etc. has been included in the 
floor component costs for crawlspace construction.) 
Chart VIII shows, more clearly, the trends that 
have been noted. This chart shows that the 
crawl-space construction rates least economical 
fol' both fiat and pitched roofs and for all spans. 
This is a direct result of the ol'iginal assumption 
as to site. With a high, level site, the only 
ground preparation that .has been charged to slab 
construction is the stripping of the topsoil. The 
results shown are applicable then only to this ~ite 
ccndition; and the individual architect, contractor 
and builder wul find it necessary to re-evaluate these 
factors according to local site conditions, with the aid 
of the u.nit costs sho.wn on page 122, appendix D. 
The most important variable to be evaluated 
from chart VIII is the influence of span. As 
can be noted, the addition of the floor and founda-
tion components has altel'ed to some extent the 
relations shown in chart I. The joists 2' o. c. -
system decreases in cost as the span of the building 
increases. This decrease between spans of 24 and 
32 feet is insignificant compared with that between 
16 and 24 feet. 
The cost of the truss 2' o. c. system decreases 
rapidly between the spans of 16 and 24 feet since 
it is in this range that the perimeter of the building 
changes most rapidly and allows the greatest 
savings in side wall and foundation costs. Beyond 
the 24-foot span, the influence of the incn·ased 
gable end area becomes dominant, and its cost 
nullifies the saving in side walls and foundations, 
since between 24 and 32 feet, the perimeter of 
the building is decreasing at a progressively 
slower rate. 
The cost of the flat-roofed systems is also in-
fluenced to a lesser extent by the span of the roof 
and floor joists, and the span of the floor joists 
influences the cost of the crawl.-space systems. 
It should be pointed out that both floor and roof 
joists at the 16-foot span are clear-span. This 
factor also accounts for the more· rapid reduction 
in cost between the 16- and ·24-foot spans. The 
increased span of the joists between the 24- and 
32-foot spans also limits the influence of the 
building perimeter. 
It is not to be assumed that the 24-foot span 
is the exact span beyond which no further economy 
is gained as the span of the building increases. 
When chart VIII is considered in l'elation to 
chart I, it may be assumed that the exact span 
is of no practical significance if the building span 
is limited to multiples of the 4-foot wallboard 
module. 
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CHART VII. -Final comparison of costs 
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CHART VIII.-Final cost comparison-Trusses 2' o. c. and conventional joist and rafter framing 2' o. c . 
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CHAPTER V 
Construction Drawings 
list of Member Sizes and Connections, 
and Cost of Components for 24-Foot Spans 
Herein are presented the construction drawings 
that illustrate the most economical framing and 
materials possible for each of the major structural 
systems within the limitations of the study. 
NoTE.-It should be understood that these drawings 
do not show recommended selections of materials, or 
construction details for flashing, waterproofing, etc. 
They merely indicate, iu detail, the systems chosen 
for analysis. 
Also included are the necessary member sizes and 
connections for the primary framing of these 
systems at spans of 16, 20, 24, 28, and 32 feet, 
and a list of unit costs for the various components 
at the 24-foot span for those systems carried 
through to final cost analysis. The numbers 
refer to the system numbers in table I. 
The member sizes and connections shown in 
the accompanying drawings and tables are based 
on the loads shown on page 8, and the allowable 
stresses shown on page 11. The selection guide 
shown in appendix B, page 93, may be used as an 
aid in the selection of pieces from the Nos. 1 and 
2 yard wades of coastal region Douglas fir. 
The drawings incorporate the most economical 
framing methods and materials for the major 
framing systems. 
The drawings are schematic in nature, showing 
397276 0-55--4 
crawl-space construction on the left, and slab-floor 
construction on the right. They have been 
prepared on the basis of a 24-foot span. The 
gage lines (including overhangs) have been laid out 
at a scale of 1"=3'-0", while the individual 
members and joints have been laid out at a scale 
of 1" = 1 '-0". 
The necessary member sizes and connections 
for the 16-, 20-, 24-, 28-, and 32-foot spans of 
each system are presented on the sheets facing 
the construction drawings. 
The design shown for trusses 4' o. c. uses 
framing anchors as a connection device for the 
diagonal members. This design was experimental 
in nature; and since it did not result in economy 
for this system, no structural tests have been 
performed. The design is not recommended 
without such tests. 
Trusses for the 6- and 8-foot spacing are almost 
identical, varying only in the details of connection. 
For this reason, only 1 drawing appears for these 
2 systems, while there are separate sheets listing 
connections and member sizes. 
The drawings for the 3-hinged arch and trussed 
bent show only the primary framing for the 
24-foot span. These systems were eliminated 
during the course of the study, for reasons that 
were discussed; and the architectural and struc-
tural analysis was not carried beyond this point. 
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COST SUMMARY-For cost data on subcomponents, see chapter VI 
SYSTEM 1-A.-Conventional pitched roof (rafters and joists 2' o. c.) 
ROOF COMPONENT : 
Primary root framing _________________________ _ $31. 03 
Sheathing _________ _____ ------- - --------- - --- -- 24. 53 
Finish roofing ___ - - --- -- - - --__ ____ ______ __ ___ __ 15. 53 
Insulation ___________ ______ ________________ ___ _ 9. 97 
Finish ceiling__ __ ____ ______________________ ____ 17. 94 
WALL COMPONENT: 
Framing, sheathing, and exterior finish ____ ____ 51.20 
Diagonal bracing ___ ______________________ __ ___ 1. 23 
Insulation ._______ __ ___ ________________ ____ ____ 7. 96 
Interil)r finish ______ ____________________________ 18. 85 
CRAWL SPACE : FLOOR COMPON ENT: 
Floor framing ____ _______ "-- ____________ _______ _ 
Center girder _________________________________ _ 
Wall header, sill, insulation, and finish _____ __ _ 
Anchor bolts, washers, plates ______________ ___ _ 
Sub floor __ _____ _________ ________ ___________ ___ _ 
16. 91 
3.02 
15. 57 
.53 
44.16 
Finish flooring ___ ______________________________ 27. 52 
Foundation component __ ________________________________ _ 
SLAB-FLOOR AND FOUNDATION COMPONENT: 
Excavation, slab, trench, walls, insulation and 
$99.00 
79.24 
107.71 
285. 95 
67.00 
352. 95 
$178.24 
termite shield, and rough grade__ ___ ________ _ 100.00 
Anchor bolts, washers, plates__________________ . 53 
Center beam ___ --- - --------------------------- 6. 00 
Finish flooring ________________________ _________________________ ·- __ 24. 97 
13l.li0 
352. !l!i 309. 74 
SYSTEM l-B.-Conventional flat roof (joists, 2' o. c.) 
ROOF COMPONENT: 
Primary roof framing __ _____ _________ _________ _ $15. 33 
Sheathing________ ______________________________ 22. 34 
Finish roofing______ ____________________________ 21. 56 
Insulation ___________________________ -------- - -- 9. 97 
Finish ceiling__ ________________________________ 17. 94 
$87.14 
WALL COMPONENT: 
Framing, sheathing, and exterior finish _________ 43. 70 
Diagonal bracing___ _____________ _______ ________ 1. 23 
Insulation__ ___ __ __ _____ ________ ________________ 7. 96 
Interior finish ____________________ ______________ 18. 85 
71.74 
$158. 88 
CRAWL SPACE-FLOOR COMPONENT: 
Floor framing _________________________ _______ ~- 16. 91 
Center girder_____________ _____________________ 3. 85 
Wall header, sill, insulation, and finish ________ 15.57 
Anchor bolts, washers, plates__________________ . 53 
Subfloor_ ___________ __ _________________________ 44. 16 
Finish flooring _________________________________ 27. 52 
108. 54 
267.42 
Foundation component_ __ ___________________________ _____ 67. 00 
334. 42 
SLAB- FLOOR AND FOUNDATION COMPONENT: 
Excavation, slab, trench, walls, insulation and 
termite shield, and rough grade______________ 100. oo. 
Anchor bolts, washers, plates__________________ . 53 
Center beam ____ ---------------- - --------- --- - 6. 00 
Finish flooring ____ ___________ ________________________________ ____ __ 24. 97 
131. 50 
334. 42 290. 38 
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SYSTEM 2.-Trusses, 2' o. c. 
ROOF COMPQNE NT : 
Primary roof framing _____ ___ __________________ $24.77 
Sheathing__________ ____________________________ 24. 53 
Finish roofing __ ----------- - ------------------- 15.53 
Insulation ______ -------------__________________ 9. 97 
Finish ceiling__________________ ________________ 15. 35 
WALL COMPONENT: 
Framing, sheathing, and exterior finish ________ 51. 20 
Diagonal bracing __ _ --------------------------- 1. 23 
Insulation _________________ ____________________ 7. 96 
Interior finish ____ ------------------------ ----- 15. 69 
CRAWL SPACE-FLOOR COMPONENT : 
Floor framing ________________________________ _ _ 
Center girder _______ ______ ____________________ " 
Wall header, sill, insulation, and finish _______ _ 
Anchor bolts, washers, plates _________________ _ 
Sub floor ______________________________________ _ 
16.91 
2. 67 
15. 57 
.53 
44.16 
Finish flooring _________________________________ 27. 52 
Foundation component_ _________________________________ _ 
SLAB- FLOOR AN D FOUNDATION COMPONEN'I : 
Excavation, slab, t~ench, walls, insulation and 
termite shield, and rough grade _____________ _ 
Anchor bolts, washers, plates _________________ _ 
Center beam ___ -------------------------------
Finish flooring ________________________________ _ 
SYSTEM 3.-Trusses 4' o. c. 
ROOF COMPONENT: 
Primary roof framing __ ____ __ __________________ $22. 87 
Sheathing ___________________________ _________ _ 40. 76 
Finish roofing ________ ____ ________ _____________ 15. 53 
Insulation _______ __ __ __ _____ ________________ ___ 9. 97 
Finish ceiling _________ ___ ______________________ 24. 27 
WALL COMPONENT: 
Framing, sheathing, and exterior finish ________ 51.20 
Diagonal bracing __ -------------- ------ -- -- --__ 1. 23 
Insulation ___________ .. __ ____ ____________ _______ 7. 96 
Interior finish _______ . ---- -- - ----------- __ _____ 15. 69 
CRAWL SPACE-FLOOR COMPONENT: 
Floor framing __________________________________ 16. 91 
Center girder----------- ___________ ---- - ------- 2. 67 
Wall header, sill, insulation, and finish ________ 15. 57 
Anchor bolts, washers, plates ·---------- - ---~-- . 53 
Subfloor _________ _______ _______________________ 44. 16 
Finish flooring _______ __ _____ __ _________________ 27. 52 
I<'oundation component_ _________________ --------- -
SLAB-FLOOR AND FOUNDATION COMPONENT: 
Excavation, slab, trench, walls, insulation and 
termite shield, and rough grade _____________ _ 
Anchor bolts, washers, plates _________________ _ 
Center beam ___ ___________________ ---------- __ 
Finish flooring _______________________ _________ _ 
$90.15 
76. 08 
107. 36 
273. 59 
67. 00 
340.59 
$166. 23 
100.00 
. 53 
24. 97 
125. 50 
340. 59 291. 73 
$113.40 
76.08 
$189.48 
107. 36 
296. 84 
67.00 
363. 84 
100. 00 
. 53 
24.97 
125.50 
363. 84 314.98 
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FIGURE 7.-Systems 4 and 5- Trusses 6 and 8' o. c.- Continued 
SYSTEM 4.-Trusses, 6' o. c. 
COST SUMMARY-For cost data on subcomponents, see chapter VI 
SYSTEM 5.-Trusses 8' o. c. 
ROOF COMPONENT: 
Primary roof framing ________ ___________ • __ __ _ . $19. 72 
Sheathing __ ______ _______ _____ ________ ---_-- - - - 38. 75 
Finish roofing ___ --------- - - - -- -- ---- - --- -.----- 15. 53 
Insulation __ ____ ___ ------------ - ----- - ___ _ - - - - - 9. 97 
Finish ceiling __________ ________ ________ _____ ___ 25. 03 
W .ALL COMPONENT: 
Framing, sheathing, and exterior finish _____ __ _ 51.20 
Diagonal bracing ________ _______ ___ -- _________ - 1. 23 
Insulation. ____ ____ _____ ___ :___ __ _____ ______ ___ 7. 96 
Interior finish . __ --------------------------- --- 15. 69 
CRAWL SPACE-FLOOR COMPONENT: 
Floor framing ___ ___ _________________ _____ ______ 16. 91 
Center girder____________ _________________ _____ 2. 67 
Wall header, sill, insulation, and finish ________ 15. 57 
Anchor bolts, washers, plates___________ _____ __ . 53 
Subftoor _______ ______________ __________________ 44.16 
Finish ftoor-ing ______ _____ ____________ ____ ______ Z7. 52 
Foundation component_ __ __ _____ ___________ ______ _ 
SLAB-FLOOR .AND FOUNDATION COM PON EN T : 
Excavation, slab, trench, walls, insulation and 
termite shield, and rough grade _____________ _ 
Anchor bolts, washers, plates _________________ _ 
Center beam. _- ---------------- ----- - -- -------
Finish flooring _______________ _____ ____ ---_ .----
50 
$109. 00 
76.08 
$185. 08 
107.36 
292. 44 
67.00 
359.44 
100. 00 
.53 
24. 97 
125.50 
359.44 310.58 
ROOF COMPONENT: 
Primary roof framing _________________________ _ $16. 15 
Sheathing ______ __ ______ ------ - --- __ ---- ------ - 36. 85 
Finish roofing ____ ------ - --------------------__ 15. 53 
Insulation._______________________________ ____ _ 9. 97 
Finish ceiling ______________ ___ --- -- - - -- -- ----- - 25. 03 
W .ALL COMPONENT: 
Framing, sheathing, and exterior finish ________ 51.20 
Diagonal bracing__ ____________________________ 1. 23 
Insulation .. ________________ --- - - _____ _______ __ 7. 96 
Interior finish _ _ _ __ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ __ __ _ __ _ 15. 69 
CRAWL SPACE- FLOOR COMPONENT: 
Floor framing __ ------------------------------- 16.91 
Center girder__________________________________ 2. 67 
Wall header, sill, insulation, and finish ________ 15. 57 
Anchor bolts, washers, plates ___________ _______ . 53 
Subftoor ________ ________________________ ______ _ 44. 16 
Finish flooring _____ __ ____ ____________________ __ Z7. 52 
Foundation component. ---------------------------
SLAB-FLOOR .AND FOUNDATION COMPONE!'lT: 
Excavation, slab, trench, walls, insulation and 
termite shield, and rough grade ______ ___ ____ _ 
Anchor bolts, washers, plates __________ _______ _ 
Center beam __ ____________________ -------------
Finish flooring __ ________ _______ • __ ___________ _ 
$103.53 
76. 08 
107.36 
286.97 
67.00 
353.97 
353. 97 
$179. 61 
100.00 
.53 
24.97 
125. 50 
305. 11 
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FIGURE 8. -System 6-A-Post and beam 4' o. c. pitched roof (Rafters 4' o. c.) 
51 
52 
•MEM~ltc, 
JOI~i" --4 1 o.c 
21l:>~f ~EJ..M lG'LOill. 
<.e.llT~t . bl>Atb 
~------
1~T~tlOR.I>6<.T 
E.W1£R.IOR POST, 4 '0.C. 
rlOOit bU.)o1 ,:4'0. c. . 
L 6 \ll. I TV b 1 M 4 L G IR. O'i'l. 
• CO~UJ. tH .. TIOU~ 
®ro@ 
@ro~ 
®ro® 
r--® TO® --- ·· - -. 
Sill TO fOU~bATIOt.l 
@ro® 
®To@ 
@)ro® 
@ro@ 
@To PIE-12. 
4!., •• 
'' · .6., ! 
'f I •' Ao ~··~ · :· .. · '' 
!6' S P~IJ 
1."• e" 
2-l ".t/4' 
""f"'4~ 
.4-".tG,.'' 
~ ".t{ 10" 
201SPUJ 241 ~P!Il 
~·!t~'· 
4 "~14· 4"..tff::,'' 
t•~Le/ 
3".-4 " 
2· 1.." ... ~· 2-1 ""10'' 
. 2·2'' ott0" ~""' 12'' 
Posi;. ~ JlpAW\ .4'.0'' fLAT 
Z8'S~.4.Al .32'~PJ.U 
3" ... 10" !I " ~ IZ:' 
(:, " .otl4 ~ ''ol/(D" 
~ 
I'' " 10" ~ · .qz' I 
...:t' ' .c:~ " 
2·2. '' ~tt " 4111 "ot ll. " 
2·2 " -<. 12 '' 4 " >< 12" 
~-12d TO!I.lAIUb '5'·12d TOE:'tJ.t.ll.&b 
I Fti.l-1\ij£.. A.~(UO~ 2 H&.Mlt.l' Al.lLIJbH 
3-IZd TcHidAIUb 
3-lld lUI LS 
F- U A (oH R. ~fV lJ I H M UlT Y2 " I( I e '' @:.OL iS s'o. c. 
2·1ld T6UlA.ILU ~ -12d TOBI41L£b/ JOI~T 4·12d rouJ!ILlP 1 JO 1n 
.G.·12cl/ ~ IH a·-ll.d/~lb! c:Hld/~lbl ll-12d /SIH 12 ·lld /SIO£ 
~~ 12d(~l 0 I 6·12.d(Ci.lbf 9-tzcJjSit>E It -ll d (st Dt 12 - I Z.d I~ I 0 f 
4' • 30d /S ~U. 7-I'Zd/SIH q.I'Zd/<1 bl 1·0-12cl/ ~I b l 7 ~ 30d /StOi 
IO· ICld IU c;T~AP 1 2~1od uJ ~'T2AP 14-IDcl IIJ <;,lUI> lt..· IOd IIJ STUP f~· !Od IIJ S TUJ> 
AI.I'U.O~ (~jSII>f 1 ~A!illOl!. (~jSibE AU,~Oe('T/S I DF:. 1 ~Ol~o12(~ /SIU.1 ~Ut:LWIL! (qj<;t()f. 1 
2 ')TJl.AP\ I Go '1 2 'iT2.AP'i , t. • 2 ~ U. LP~ I'-" 2 STeA-l><; , G. " 2 <;TUPS , ~ " 
&.IJC.'TLI I~ 'OIJ,, UUt, TL1 IIJ LOOc.) £ IJG T U 11.1 (t).l.lt:.) LUll. TU IU llHJC.. Ll.J.IC. Til f)J t:6LJ,.) 
FIGU RE 9.- System 6-B- Post and beam 4' o. c.- Flat roof (Beams 4' o. c.) 
COST SUMMARY-For cost data on subcomponents, see chapter VI 
System 6-A .. -Post and beam 4' o. c.-pitched roof (rafters 4' o. c.) 
ROOF COMPONENT: 
Primary roof framing __ $23. 6b 
Sheathing _______ ------ M. 45 
Finish roofing_________ 15. 53 
Insulation __ ---------- 36.97 
FiniSh ceiling _______________ _ 
--$130.60 
WALL COMPONENT: 
Framing_ ____ _________ 13. 35 
Diagonal bracing ____________ _ 
Sheathing, insulation, 
exterior and interior 
finish ______________ _ 86.50 
CRAWL SPACE-
FLOOR COMPONENT: 
Floor framing _________ 16.08 
Center girder _________ 2. 41 
Wall header, sill, insu-
lation, and finish __________ _ 
Anchor bolts, washers, 
plates _____________ _ . 53 
Subfloor __ ------------ 55. 58 
Finish flooring ________ 27. 52 
99. 85 
102.12 
$230.45 
332.57 
Foundation _------------------------ - ----- 67. 00 
SLAB-FLOOR AND FOUN-
DATION COMPONENT: 
Excavation, slab, 
trench, walls, insula-
tion and termite 
shield, and rough 
grade ________ .-----------_---------
Anchor bolts, washers, 
plates ____________________________ _ 
Center beam _______________________ _ 
Finish flooring _____________________ _ 
399. 57 
399.57 
SLAB 
$14. 10 
70.30 
$84. 40 
$215. 00 
100.00 
.53 
24.97 
125.50 
340. 50 
SYSTEM 6-B.-Post and beam 4' o. c.-flat roof (beams 4' o. c.) 
ROOF COMPONENT: 
Primary roof framing.$19. 06 
Sheathing, insula- 70.55 
tion, and finish 
ceiling. 
Finish roofing _______ 21.56 
WALL COMPONENT: 
Framing - ------- ---- 11.40 
Diagonal bracing _ 
Sheathing, insula-
tion, exterior and 
interior finish _______ 74.00 
CRAWL SPACE-
FLOOR COMPONENT: 
Floor framing __ ______ 16.08 
Center girder ________ 2.41 
Wall header, sill, in· 
sulation, and finish _ 
Anchor bolts, wash· 
ers, plates __________ . 53 
Subfloor __ ----------- 55.58 
Finish flooring_______ 27. n2 
$111. 17 
85.40 
$196.57 
102. 12 
298. 69 
Foundativn component __ _________________ 67.00 
SLAB-FLOOR AND FouN-
DATiON COMPONENT: 
Ex cava t ion, slab, 
trench, walls, insul~r 
tion, and termite 
shield, and rough 
grade _________ __ ---- --- ------------
Anchor bolts, washers, 
plates ________________ ______ ________ _ 
Center beam _____________ ----- ______ _ 
Finish flooring ________ __ __________ • __ 
365.69 
365.69 
SLAB 
$1.2.05 
60. 00 
$72.05 
100.00 
.b3 
24.97 
$183.22 
125.50 
308.72 
53 
54 
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FIGURE 10.-Syt.tem 7-A-Post and beam 6' o. c.-Pitched roof (Rafters 6' o. c. -Case l) 
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FIGU RE 11. - Systern 7-B-Post and beam 6' o. c. - Flat roof (Beams 6' o. c.-Case I) 
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FIGURE 12.-Systerris 7-A and 7-B-Post and beam 6' o. c. - Pitched and flat roofs- Case II 
COST SUMMARY-For cost data on subcomponents. see chapter VI 
SYSTEM 7-A.-·Post and beam 6' o. c.-pitched roof (rafters 6' o. c.-case I) 
ROOF COMPONENT: 
Primary roof framing ______ ___________________ $20. 28 
Sheathing ___ __________ _______________________ 54. 45 
Finish roofing ________ ___ ___ __________________ 15. 53 
Insulation ____________________________________ 36. 97 
Finish ceiling _______ _________________________ _ 
WALL COMPONENT: 
Framing ___________________ ________ _______ ___ _ 8.63 
Sheathing and exterior finish _________ _______ _ 52. 50 
Diagonal bracing ___ _______ _______ ____ _____ __ _ 
Insulation __ ________ ______ _____ - ________ _____ _ 9.11 
Interior finish . ________________ ______________ _ 20. 40 
CRAWL SPACE- FLOOR COMPONENT: 
Floor framing ________ ________________________ _ 11. 57 
Center girder _______________________________ _ _ 
Wall header, sill, insulation, and finish ___ ___ _ 
Anchor bolts, washers, plates ________________ _ 
.53 
Subfioor ___________________________ ----------- 55.58 
Finish flooring _____ ________________ __________ _ 27. 52 
Foundation component __________________________ _ 
SLAB- FI.OOR AND FOUNDATION COMPONENT: 
Excavation, slab, t1ench, walls, insulation and 
termite shield, and rough grade ____ ________ _ 
Anchor bolts, washers, plates ________________ _ 
Center beam. c __ --------- _________ - ----------
Finish flooring _____ __________ -----------------
• 1 See note, p. 62. 
56 
$127. 23 
90.64 
$217.87 
95.20 
313. 07 
67.00 
380.07 
100.00 
.53 
24.97 
125.50 
I 380.07 I 343. 37 
SYSTEM 7-B.-Post and beam 6' o. c.-flat roof (beams 6' o. c.-case I) 
ROOF COMPONEN'l' : 
Primary r6of framing ___________ . ______________ $17. 07 
Sheathing _____________________________________ 49. 36 
Finish roofing ___ ______________________________ 21. 56 
Insulation ____________________________________ _ 34. 60 
Finish ceiling ______________________________ _____ ____ _ 
WALL COMPONENT: 
Framing________ __________ _____________________ 7. 36 
Sheating and exterior finish ____________________ 44. 80 
Diagonal bracing _____________ ~-. _____________ _ 
Insulation _____________________________ ,-______ 7. 77 
Interior finish ___ -----------------------____ ___ 15. 15 
CRAWL SPACE- FLOOR COMPONE NT: 
Floor framing _____ ------ --- -- --- --- ----------- 11. 57 
Center girder ______ -- ---- ------ _______________ _ 
Wall header, sill, insulation and finish ______________ _ 
Anchor bolts, washers, plates________ _____ _____ . b3 
Sub floor ________________ -------------__________ 55. b8 
Finish flooring _________________________________ 27. 52 
$122. 69 
75. 08 
95. 20 
292.87 
Foundation component_ ___ ____ ______ __ ___________________ 67.00 
SLAB-FLOOR A ' D FOUNDATION COMPONE NT: 359. 87 
Excavation, slab, trench, walls, insulation and 
termite shield, and rough grade _____________ _ 
Anchor bolts, washers, plates _________________ _ 
Center beam ______ -------------------·- -- - ----
Finish flooring _________ ___ ----------------- ___ _ 
I 359. 87 
$197. 67 
100.00 
. 53 
24.97 
125.50 
===::1:: 
I 323. 17 
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FIGURE 13.-System 8-A-Post and beam 8' o. c.-Pitched roof (Rafters 8' o. c.) 
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FIGURE.. 14.-Sy-stem 8-B-Post and beam 8' o. c.-Flat roof (Beams 8' 0'. c.) 
58 
PLJJI/f' /1/ITII ()IJIIRT~R N/JM-=P/TCJI£0 /200~ 
Pt.JJNK WIT/.1 tJUJJJ?TtR ~M-PITCIIGD liOO~ 
MEMBERS /Co'!>PIJN zd S.oiW 24'6PAN I z~' SR4AI .3'21~AJ 
tc~~te BaM I 
C)(/llllJFR 01Z ~ .8rSQM5 Pmr DM!v J ~XJO' 4 11 )1/211 4 11 )11-f-' 
.t"xl<t" 
~Ja> POSJ'S, l"'ac. .JKWE 4''x411 
CG.U~IZ A?6TS, . ·lfil o.c. ·4!'x411 4HX~N 
.Ct.oaR BEAA/16, B'o.c. ~11xl011 ~N'II ~II iJ11 1t8 11 I '2- 2 11 1t/3 11 3ll1ti0 4 
mf>T6, z 1o.c. 21111 (;,Ill 
CONNECTJCW!S !01~11AI zol~# I 241 SP.tiAI 281 -:sPWN 3'21 :st:+9AI 
- ~~~ 7ll (,c: z-IOCI/PUWK 
~~ TrJ 4- Z-lad/ ,t::1£.QNI't 
ti-m Jl N0r C~l~ Sf'R'KTI.RAL.- NAIL AS /ifBiJUI/ZGD ~ LfOOD ~CJ7CN 
~~ 7rJ (r_ Z-10d/P£.1W~t; . 
611.1.. Tn FOLIAIOI/TIOAI ri-IA ~ .IZI!!K;)I..YJU¥M6/VT- JoZhx 1~ 1 l!Jnq'!S s' o.e:. 
2; 7D (~ 2-/0d/ pLAAJ~ 
B 77> c 10-IOc/ (.$/SI~) ~-IOd (4/~o~) /()-KJci (5'/:51~) 
~- 11J DJ 10-/Cd (5/stoe) ·-!od (4/61De) la-tod (5/_~) 
D) [0 {€; ZFRAMIM7~ I j:R4!11!~ J4AJQI(If<.l 2 ~lAG- !MJOIOR<. K>·1Zd(5/~~) ~~~6AA.t::Jioi« 
.£)TO PIEIZ 8 -lod Wtnl :S1Ji?AP ~-tod IIIIJI-I :spew:>~ tal~ 8 ·!DeL /VIpl $J!2AP J9AKNO~ (tf../5ptM; 
I/AOICR (4/~P, z~.) z~) 
2~iiP.S.) 
A 'JV J.( #ME z-tod/ PLAAII< 
K 7lJ L. MWE ID-IOd(&/~oe) 112;-tod(fJI/::st~) I #-K>d (7/StDE) ~-Kid (,!3/SIDE) 
L To M AhAie /()-lod(!I/~~) l~-;4t(eo/~~) /4.-Jad (7/~ae) 161-la:i ( 8/~t~) 
M TO E AIOA/E :z F.INIMI~tfi' ,qNCJ.ION$ 1 14· 12d. (7/$t~J 3~A6'~ 
./!!)JP PIER NO AlE 8·/0c/W~ ~ /()-=# ~ AAic:NORS IZ-Ia:i~~ IWCJ.JDR '( 4/ ( 5. , 2 :sptzAP$) IJAIOb/Z &r?/~7'0'1P, 
:Z~PS) 2~) 
(!) "' (E) I FN#MI~~ 
FIGURE lb.-System 9-A-Plank and quarter beam-Pitched roof 
2,97276 0 - 55--5 59 
COST SUM MARY-For cost data on subcomponents, see chapter VI 
SYSTEMS 7-A and 7- B.- Post and beam 6' o. c.-pitched and flat roofs-case II 
ROOF COMPONENT: Same as case I. 
WALL CoMPOJITENT: Same as case I. 
CRAWL SPACE-FLOOR COMfO NENT: 
Floor beams ____________________________________________ $11. 57 
Intermediate joists______________________________________ 12. 02 
Anchor bolts, washers, plates__ _________________________ . 53 
Sub floor ________ ------------------------------------____ 44. 16 
Finish flooring _________________ .________________________ 27. 52 
$95.80 
Foundation component_ __________________ -----------__________ 67.00 
I 162.80 
SYSTEM 8-A.-Post and beam 8' o. c.- pitched roof (rafters 8' o. c.) 
ROOF COMPONEN'l': 
Primary roof framing __________________________ $20.19 
Sheathing ___ ---------------------------------- 54.45 
Finish roofing .. _________________________ ______ 15. 53 
Insulation_______ _______________________________ 36. 97 
Finish ceiling ________________________________________ _ 
WALL COMPONENT: 
Framing ___ ___ _________ ._______________________ 7. 22 
Sheathing and exterior finish ___________________ 49.60 
Insulation . ____ ·__ __ ____________________________ 9. 11 
Diagonal bracing _____________________________________ _ 
Interior finish __________________________________ 20. 40 
CRAWL SPACE.-FLOOR COMPONENT: 
Floor framing__ ______ _______ ___ ________________ 10. 84 
Center girder____ _______________________ _____ ___ 9. 45 
Wall header, sill, insulation, and finish _______________ _ 
Anchor bolts, washers, plates ------------------ . 53 
Subfloor ________ ----------------- __ ______ __ _____ 44. 16 
Finish flooring ______ --------------------------_ 27. 52 
Foundation component_ ____ . ____________________________ _ 
SLAB.-FLOOR AND FOUNDATION COMPONENT: 
Excavation, slab, trench, walls, insulation and 
$127.14 
86.33 
92.50 
305.97 
67. 00 
372. 97 
$213.47 
termite shield, and rough grade______________________________ 100.00 
Anchor bolts, washers, plates__________________________________ . 53 
Center beam .. ________________________________________________________ _ 
Finish flooring _________________________________________________ 24. 97 
125. 50 
I 372. 97 I 338. 97 
1 See note, p. 62. 
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SYSTEM 8-B:- Post and beam 8' o. c.- flat roof (beams 8' o. c.) 
ROOF COMPONENT: 
Primary roof framing .------------------------- $16. 50 
Sheathing _.____________________________________ 49. 36 
Finish roofing __ ------------------------________ 21. 56 
Insulation _____________________________ .________ 34. 60 
Finish ceiling .. __________________ -------------- ______ _ 
WALL COMPONENT: 
Framing_______________________________________ 6. 16 
Sheathing and exterior finish. __________________ 42. 25 
Diagonal bracing _______ . _____________________________ _ 
Insulation ___________ --------------------------_ 7. 77 
Interior finish .. _------------------------------ 15. 15 
CRAWL SPACE-FLOOR COMPONENT: 
Floor framing__________________________________ 10. 84 
Center girder __________________________________ 9. 45 
Wall header, sill, insulation, and finish ______________ _ 
Anchor bolts, washers, plates__________________ . 53 
Sub floor ___________ ---------------------------- 44. 16 
Finish flooring _________________________________ 27. 52 
Foundation component_ ____________ -----------. __ _ 
SLAB-FLOOR AND FOUNDA'J.ION COMPONENT: 
Excavation, slab, trench, walls, insulation and 
termite shield, and rough grade _____________ _ 
Anchor bolts, washers, plates _________________ _ 
Center beam. ________________________________ _ 
Finish floorinl!: ---- ____________________________ _ 
SYSTEM 9-A.-Piank and quarter beam-pitched roof 
ROOF COMP0NENT: 
Primary roof framing ___________________________ $14.39 
Sheathing __ _ ----------------- ______ ----------· 52. 75 
Insulation_ ------------------------------______ 36. 97 
Finish roofing_ ________________________________ 15. 53 
WALL COMPONENT: 
Framing and exterior-- ----------------------- 94.30 
Interior finish _______ ----------- ________ -------- 17.50 
CRAWL SPACE- FLooR CoMFONENT: 
Floor beams _______ _ ,__________________________ _ 9. 45 
Intermediate joists----- ---------------________ 10.84 
Anchor bolts, washers, plates__________________ . 53 
Subfloor _ _ _ _ _ _ _ _ __ __ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ __ _ __ _ _ __ _ 44. 16 
Finish flooring -------------------------------- 27.52 
Foundation component __________________________________ _ 
SLAB-FLOOR AND FOUNDATION COMPONENT : 
Excavation, slab, trench, walls, insulation and 
termite shield, and rough grade _____________ _ 
Anchor bolts, washers, plates _________________ _ 
Center beam _______________________ . _________ _ 
Finish flooring ______ _______________________ __ _ _ 
$122.02 
71.33 
92.50 
285.85 
67.00 
352.85 
I 352.85 
$119.64 
111.80 
92.50 
323.94 
67.00 
390.94 
$193.35 
100. 00 
.53 
24. 97 
125.50 
I 318.85 
$231.44 
100.00 
.53 
24.97 
125.50 
I 390. 94 I 356. 94 
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FIGURE 16.-System 9-B-Plank and quarter beam-Flat roof 
61 
62 
COST SUMMARY- For cost data on subcomponents, see chapter VI. 
SYSTEM 9-B.- Piank and quarter beam- flat roof 
ROOF COMPONENT: 
Primary roof framing ____________________________________________________________________ $11. 77 
Sheathing________________________________________________________________________________ 49. 36 
Insulation. ____ . __ --- ________________________________________ . _ _ _ __ _ _ _ ___ _ _ _ _ __ _ _ _ __ _ _ _ _ 34. 60 
Finish roofing ____________________________ __ _________________________________ .____________ 21. 56 
-- $117. 29 
WALL COMPONENT: 
Framing and exterior wall . ______________________________________________________________ 80. 50 
Interior finish _________________ .___________________________________________________________ 15. 69 
CRAWL SPACE- FLOOR COMPONENT: 
Floor beams. _____________ _________ _____________________ .________________________________ 9. 45 
Intermediate joints.__ ___________________________________________________________________ 10. 84 
Anchor bolts, washers, plates .___________ __ _____ _________________________________________ . 53 
Subfloor _______________ ---- ________ --- ___ --- __ -_ -- _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ __ _ ___ _ _ 44. 16 
Finish flooring ________ -_-_---_-_--------- ___ ---------------_-----________________________ 27. 52 
96. 19 
92. 50 
305.98 
Foundation component ____ . ____ ----------·------------------------- _______ ----------- ·--- -- - ------______ 67. 00 
372. 98 
SLAB- FLOOR AND FOUNDATION COMPONENT: 
Excavation, slab, trench, walls, insulation and termite shield, and rough grade __________ _ 
Anchor bolts, washers, plates . __________________________________ ________________________ _ 
Center beam ____________________________________________________________________________ _ 
Finish flooring _______________ __________________ • ____________________________ : ___________ _ 
$213. 48 
100. ()1) 
. 53 
24. 97 
125. 50 
I 372. 98 I 338. 98 
NOTE.- To obtain jinul comparative costs- The cost of excavation for exterior wall piers and footings, the materials 
and labor for pier footings, piers, termite shield on piers and insulation around the piers would have to be added to the 
above totals for crawl space and slab foundations . This work was not estimated for this system since it was not required 
for the purposes of comparison sought by this investigation. The total cost of construction obviously would be higher 
than for other systems analyzed. 
I Prorated. 
CHAPTER VI 
Materials and Labor Quantities and Costs 
The cost data analyses in this chapter outline the materials and labor 
quantities, and the costs for the various subcomponents for the 24-foot span. 
ROOF COMPONENT 
Primary Framing . 
Sheathing . 
Finish Roofing . 
Insulation . 
Finish Ceiling 
WALL COMPONENT 
Wall Framing and Exterior Finish 
Insulation . . . . . 
Wall Interior Finish . . . . . . 
FLOOR COMPONENT 
Floor Framing . 
Subfloor .... 
Finish Flooring . 
FOUNDATIONS 
Crawl Space . 
Slab .... 
Page 
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66 
68 
68 
69 
69 
71 
71 
72 
74 
74 
74 
75 
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COST DATA 
Primary Roof Framing-24' Span 
SYSTEM 1-A 
Material Size Quantity Units Unit price Cost 
1 ridge beam_____ __ 1 x 10-2'------
1 tie at peak_______ 1 x 4-4'- ------
2 rafters __ ___ __ ____ 2 x 8-16' _____ _ 
2ceilingjoists (space 2 x 6--14' _____ _ 
block comes off 
one end). 
1 bearing plate _____ 2x4-2'-------
Nails. ____________ _ 
M a t e r i a 1 , 2-ft. 
bay. 
1.67 BFM ___ _ 
1.33 BFM ___ _ 
3. 00 BFM ___ _ 
42. 67 BFM ___ _ 
28.00 BFM __ _ _ 
1. 33 BFM __ _ _ 
72.00 BFM ___ _ 
. 75 Pound __ _ 
Floor area=24X2=48 sq. ft. 
$0.135 
1. 45 
.13 
Total material, 100 sq. ft. of floor area (100/48X10.943) _________ _ 
Labor Man-hours Hourly rate 
Carpenter ______________________________ _ 1. 334 $2.50 
Labor ______ ----- ----- - --- ------ -- ------ - . 41 1. 50 
Labor, 2-ft. bay _______________________ _ 
Total labor, 100 sq. ft. of floor area (100/48X3.950) ___________ _ 
Total material and labor. __ . _______ _ 
SYSTEM 1-B 
Material 
2 rafters. ___ _______ 
1 bearing plate _____ 
Nails ______________ 
Material, 2-ft. 
bay. 
Size Quantity Units 
2 X 8-14'---- -- 37.33 BFM ____ 
2 X 4-2'--- ---- 1.33 BFM ____ 
12d ___ ____ ____ 
.2 Pound ___ 
Floor Area=24X2=48 sq. ft. 
Unit price 
$0. 145 
. 145 
.13 
$0.405 
10.440 
.oo8· 
10.943 
22.80 
Cost 
$3.335 
. 615 
3. 950 
8. 23 
31.03 
Cost 
$5.41 
.193 
.026 
5. 629 
Total Material, 100 sq. ft. floor area (100/48X5.629)____ _________ 11.71 
Labor Man-hou~., Hourly rate 
Carpenter __ ------- - - - ----- _____________ _ 0. 5886 $2. 50 
Labor __________________ __________ -------
.175 1.50 
Labor, 2-ft. bay _______________________ _ 
Total labor, 100 sq. ft. floor area (100/48Xl.735) ______________ _ 
Total material and labor_ ___ __________ __ ______ ___ _________ _ 
SYSTEM 2 
Material Size Quantity Units Unit price 
1 upper top chord. _ 2 X 4-16' ------ 10.67 BFM ____ 
2 lower top chord __ 2x4-10' ______ 13.33 BFM ____ 
2 bottom chord ____ 2 X 4-14' ------ 18.67 BFM ____ 
1 short diagnaL __ _ 1 X 4-8'-- ----- 2. 67 BFM ____ 
1 long diagonaL ___ 1 X 4-14' ------ 4. 67 BFM ____ 
50 BFM ____ $0.145 
Split-ring connec- 272"--- ---- --- 3 Each _____ . 111 
tors 
Bolts_· ------------ 72" X 6"-- ---- __ _ do. ___ .070 
72" X 4"----- - ___ do ____ .085 
Washers ____ _______ 72"----------- ___ do. ___ . 0125 
Framing anchors __ 
--------------
2 _ __ do ____ . 111 
Nails ______________ 
--------------
Pound __ _ 
.130 
Material, truss __ 
Floor area=24X2=48 sq. ft. 
Cost 
$1.472 
. 263 
1. 735 
3.62 
15.33 
Cost 
$7.25 
.333 
. 070 
.170 
.075 
. 222 
: 130 
8.250 
'I'otal material, 100 sq. ft. (100/48X8.25)_______ _________________ 17.19 
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SYSTEM 2-Continued 
Labor Man-hours Hourly rate 
Carpenter _______________________ ·- _____ _ 1. 38 $2.50 
Laborer _______ ---------------- _________ _ 
.126 1. 50 
Labor, truss_ __________________________ _ ____________ ________ _ 
Total labor, 100 sq. ft. (100/48X3.64) __ ---------- --- ------ _. __ 
Total material and labor· ----- ----------- - ------------ -- ---
SYSTEM 3 
Material Size 
1 top chord, upper. 2 x 6-16'--- __ _ 
2 lower bottom 2 x 6--12'-- ----
chord . 
2 bottom chord ____ 2 x 4-14' --- ---
1 short diagonaL_ _ 2 x 4-8' ______ _ 
1long diagonaL_ __ 2 x 4-14' _____ _ 
Split-ring connect- 2~-2"---- - ----­
tors. 
Bolts_______ _______ ~" x 4" _____ _ 
72" X 7~"---­
Washers___________ ~"----------­
Framing anchors __ --------------
Nails____ __________ 10d __________ _ 
Material, truss __ 
Quantity 
16 
24 
18.67 
5.33 
9.33 
73.33 
2 
1 
6 
16 
Units Unit price 
BFM ___ _ 
BFM ___ _ 
BFM ____ 
BFM ____ 
BFM ____ 
BFM ____ $0.145 
Each _____ 
.111 
_ __ do _____ 
. 070 
___ do _____ 
. 1105 
___ do _____ 
. 0125 
___ do ___ __ _ 
. 111 
Pound ___ 
.130 
Floor area = 24 X 4 = 96 sq. ft. 
Cost 
$3.45 
.19 
3. 64 
7. 58 
24.77 
Cost 
$10.630 
. 555 
.140 
. 110 
.075 
1. 774 
.130 
13.410 
Total material, 100 sq. ft. (100/96 X 13.41) _____ ____ _____________ 13.97 
Labor Man-hours Hourly rate Cost 
Carpenter ______________________________ _ 2. 75 $2. 50 $6.87 
Laborer _______ -------------------------- 1.12 1. 50 1. 68 
Labor, truss. _________________________ _ 
Total labor, 100 sq. ft. (100/96 X 8.55) __________________ __ ___ _ 
3. 55 
8.90 
Total material and labor __ _________ --------------------____ 22.87 
SYSTEM 4 
Material Size 
2 top chord ________ 2 X 8-16' ------
2 bottom chord ____ 2 X 4-14' ------
1 bottom chord __ __ 2x 4-12' ------
1 short diagonaL __ 2 X 4-8'-_______ 
1 long diagonaL ___ 2 X 4-14'-- ----
1 gusset plate ______ 2 X 8-2~'-- ---
Split-ring connec- 2~"-- · ------­
tors. 
Bolts ______________ 72"x6"---- --
~"x 4"------
Washers ___________ ~"-----------
Framing anchors. _ 
Material, truss._ 
Quant it'll Units 
42. 67 BFM. ___ 
18.67 BFM ____ 
8 BFM ____ 
5.33 BFM ____ 
9. 33 BFM~ -- -
3.11 BFM ____ 
87.11 BFM ___ _ 
20 Each: ___ _ 
8 ___ do _____ 
4 ___ do ____ • 
24 ___ do _____ 
_ __ do ____ _ 
Floor area = 24 X 6 = 144 sq. ft. 
Unit price 
$0.145 
.111 
.0805 
. 07 
.0125 
.111 
Total material (100/144 X 16.74) _______________________ __ ______ _ 
Labor Man-hours Hourl11 rate 
Carpenter __ -------------- ______________ _ 4.18 $2.50 
Laborer ___ ------------------------ _____ _ .80 1. 50 
Labor, truss __________________________ _ 
Total labor, 100 sq. ft . (100/144 X 11.65) _____________________ _ 
Total material and labor __________________________________ _ 
Co.~t 
$12.630 
2.220 
. 640 
. 280 
.300 
. 666 
16.74 
11.63 
Cost 
$10.45 
1. 20 
11.65 
8.09 
19.72 
SYSTEM 5 
Material S ize Quantity U11its Unit price Cost 
2 top chord ________ 2x 8-16'------ 42. 67 BFM ____ 
2 bottom chord ____ 2 X 4- 14'------ 18. 67 BFM ____ 
1 bottom chord ____ 2 X 4-14' ------ 9. 33 BFM ____ 
1 short diagonaL __ 2 X 4- 8' ------- 5.33 BFM ____ 
1 long diagonaL ___ 2 x 4- 14'------ 9. 33 BFM ____ 
1 gusset pla te ______ 2 X 8-2~'----- 3. 11 BFM ____ 
88. 44 BFM ___ _ $0.145 $12.820 
Split-ring connect- 2~"---------- 24 Each _____ . 111 2. 660 
t ors. 
Bolts . __________ -_- ~" x6"----- - 10 ___ do _____ .0805 .805 
~"x 4"- - ---- 4 ___ do __ ___ . 0685 . 274 
Washers ___________ ~"----------- 28 _ __ do _____ . 0125 . 350 
Framing an chors._ 
--------------
___ do __ ___ 
. 111 . 444 
Material, truss._ 
--------------
17.35 
Floor area=24X8=192 sq. ft . 
T otal material, 100 sq . ft. (100/192X17.35) _____________________ _____ 9. 04 
Lahor Man-hours Hourly rate Cost 
$10. 45 
1.20 
Carpenter __________________________ ----- 4. 18 $2. 50 
Laborer ___________ _____________________ _ 
. 80 1. 50 
Labor, truss ___ ------------------------
Total labor, 100 sq. ft. (100/192X13.65) _ 
Total material and labor ___ ____ ___ _ 
SYSTEM ~A 
Material Size 
2 rafters.- --------- 3 x 8-16'------
1 ridge beam _______ 6x 14-4'-- ----
1 center post. ______ 6 x 6-14'------
1 center board _____ 1 x 8-4' -------
2 aprons_ __________ 2 x 3- 2'--- - - __ 
Framing anchors.. --------------
Strap anchor ______ ~"x1"x14". 
Quantity 
64 
28 
10.5 
2. 67 
.5 
2 
14" 
. 1 
Units 
BFM ____ 
BFM ____ 
BFMI ___ 
BFM ____ 
BFMI ___ 
Each _____ 
Foot _____ 
Pound ___ 
Nails _____________ _ {~:~~~~~~~~~~~ 
.15 ___ do 1 ____ 
Unit price 
$0. 150 
.19.5 
.150 
.135 
.145 
. 111 
. 046 
. 13} 
. 13 
13.65 
7. 11 
16. 15 
Cost 
$9. 60 
5. 46 
1. 575 
. 360 
.073 
. 222 
.054 
. 040 
Material, 4ft. bay __________________________________ _ ---------- - - 17.384 
Floor area=24X4=96 sq. ft . 
Total material, 100 sq. ft . floor area (100/96X17.384) __ __ __________ 18. 100 
Labor Man-hours Hourly rate 
Carpenter ______________________________ _ 1. 96 $2. 50 
Cost 
$4.900 
.438 Labor _____________ ---------------------- . 292 1. 50 
Labor 4-ft bay ____ ------------ - - - -- ----------------- - ----------- . ____ 5. 338 
Total labor, 100 sq. ft. of floor area (100/96X5.338) _ __ __ ____ __ _ ____ 5. 550 
Total material and labor---------------- ________ __ ___________ __ 23.65 
1 Prorated. 
SYSTEM ~B 
Material Size 
2rafters ____ _______ 3 x 8-14'------
1 ridge beam_______ 6 x 14-4'------
1 center post. _____ _ 6 x 4-8'-------
1 center board _____ 1 x 8-4'-______ _ 
2 aprons ___________ 2 x 3-2'--- - ---
Framing anchors __ --------- - ----
Nails ______ _______ _ 12d __________ __ 
Material. 
bay. 
4 ft . 
Quantity 
56 
28 
Units 
BFM ___ _ 
BFM ___ _ 
BFMI __ _ 
2. 67 BFM ___ _ 
. 5 (1) _____ __ _ 
2 Each ____ _ 
. 250 Pound __ _ 
Floor area=24X4=96 sq. ft . 
Unit price Cost 
$0. 150 $8. 40 
.195 5. 46 
.155 . 62 
. 135 .360 
.145 . 073 
. 111 . 222 
.13 . 033 
15. 168 
Total material, 100 sq. ft. of floor area (100/96X15.168) ____________ 15. 80 
SYSTEM 6-8-Contlnued 
Labor 
Carpenter ______________________ . _______ _ 
Labor ___________ -------------------------
Man-hours Hourly rate 
1.15 $2.50 
.17 1. 50 
Cost 
$2.875 
. 255 
Labor, 4ft. bay________________________ 3. 130 
Total labor, 100 sq . ft. of floor area (100/96X3.130) _ ____ ______ ____ _ 3. 260 
Total material and labor ___________ - - ------------------------ --- 19.06 
SYSTEM 7-A 
Material 
2 rafters. __________ 
1 ridge beam _______ 
Center post_ _______ 
Center board ______ 
2 aprons __ _________ 
Framing anchors. _ 
Strap anchor ______ 
Nails ______________ 
Material, 
bay. 
6 ft. 
Size Quantity Units 
3 X 1Q-16'----- 80 BFM ____ 
6x 14-6' -~ - --- 42 BFM ____ 
6 X 6-14'------ 14 BFMI __ _ 
1 X 10-6'----- - 5 BFM ___ _ 
2 X 3-2'------- . 67 BFMI ___ 
--------------
2 Each _____ 
~"x 1"x 24". 2 Feet. ____ 
p2d __________ _ 
. 2 Pound ___ 
10d ___ ________ 
.2 _ __ do _____ 
Floor area=24X6=144 sq. ft. 
Unit price Cost 
$0. 150 $12.00 
. 195 8.19 
.150 2.10 
.135 .675 
. 145 .097 
.111 . 222 
. 046 .092 
.13 } .052 
. 13 
23.428 
Total material, 100 sq. ft. of floor area (100/144X23.428) _______ ____ 16. 30 
Labor Man-hows Hourly rate 
Carpenter ____________________________ __ _ 2. 08 $2.50 
Labor ________________ ______ __ __________ -
.351 1. 50 
Cost 
$5.20 
. 526 
Labor, 6ft. bay________________ __ _____ 5. 726 
Total labor, 100 sq. ft. floor area (100/144X5.726) _____________ ___ __ 3. 98 
Total material and labor __ _______________ ---- -- ------------ ----- 20. 28 
SYSTEM 7-B 
Material Size 
2 rafters ___________ 3 x 1G-14' ____ _ 
1 ridge beam_______ 6 x 14-6' _____ _ 
Center post. _______ 4 x 6-8'-------
Center board ___ ___ 1 x 10-6' ------
2 aprons _____ ______ 2 x 3-2'- ------
Framlng anchors__ -- ------ - ---- -
Nails ______________ {!:~~~~ ~ ~ ~ ~ ~ ~ ~ 
Material, 6-ft. bay 
Quantity 
70 
flnits 
BFM ___ _ 
42 BFM ___ _ 
5.33 (1) 
5 BFM ___ _ 
. 67 (I) 
2 Each ____ _ 
. 25 Pound __ _ 
.20 _____ do ___ _ 
Floor area=24X6=144 sq. It. 
Unit price Cost 
$0. 150 $10. 50 
. 195 8. 19 
. 155 . 826 
.135 . 675 
. 145 . 097 
. 111 
-· 222 
. 13 } 
.13 . 059 
20.569 
Total material, 100 sq. ft. floor area {100/144X20.569) ____________ - 14.25 
Labor 
Carpenter __ ---------------- ____ ---------
Labor __________ -------------------------
Man-hours Hourly rate 
1. 469 $2. 50 
. 256 1. 50 
Cost 
$3. 673 
. 384 
Labor, 6-ft. bay_____ ___________________ 4.057 
Total labor, lOOsq. ft . floor area (100/144X4.057) _______ __ _________ 2.82 
Total material and labor ________ _______________________________ 17.07 
I Prorated. 
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SYSTEM 8-A 
Material Size 
4 rafters __________ _ 2 X 1G--16' -----
1 ridge beam _______ 6 X 14-8' - -- ---
Quantity 
106. 67 
56 
Units 
BFM ____ 
BFM ____ 
Unit price Cost 
$0. 145 $15. 467 
. 195 10. 920 
Center post_ _______ 6 X 6-14' ------ 21 BFM ____ 
Center board ______ 1 X 1G--8' ------ 6. 67 BFM ____ 
2 aprons ______ _____ 2 X 6-2' ------- 4 BFM ____ 
2 filler blocks ______ 2"x4"x8"--- 1 BFM __ __ 
Strap ant:~hor ____ __ 1~~~~:~~-~,: ~ Nails _-----------__ 12d ____ -------16d __ ___ _____ _ 28" Foot_ ___ _ . 16 Pound __ _ .15 _____ do ___ _ . 2 ___ __ do __ _ 
Material, 8-ft . bay 
Floor area=24X8,=192 sq. ft. 
. 150 
.135 
. 145 
.145 
.046 
.13] 
. 13 
.13 
3.150 
.900 
. 580 
. 145 
.108 
.066 
31.336 
Total material, 100 sq. ft . of floor area (100/192X31.336) --- - ------- _ 16.31 
Labor 
Carpenter _______________ __________ ___ _ _ 
Labor _____ --- - - ---------------------- __ -
Labor, 8-ft. bay ________________ _______ _ 
Man-hours Hourly rate 
2. 61 $2.50 
. 614 1.50 
Cost 
$6.525 
. 921 
7.446 
Total labor, 100 sq. ft. of floor area (100/192X7.446) _________________ 3.88 
Total material and labor ______________________________________ 20.19 
SYSTEM 8-B 
Material Size Quantity Units Unit price Cost 
4 rafters __ _________ 2 x 1G--14'----- 93.33 BFM _____ $0.145 $13. 533 
1 ridge beam______ 6 x 14-8' _____ _ 56 BFM _____ .195 10.920 
Center post_ ______ 4 x 6-8' _____ _ _ 
Center board ______ 1 x 10-8' ------
2 aproros ___________ 2 x 6-2' ______ _ 
2 filler blocks ______ 2" x 4" x 8" __ 
Nails ________ ____ __ g:~ ~ ~ ~ ~~~~ ~~ 
8 
6.67 
. 25 
. 30 
BFM ____ 
BFM ___ _ 
BFMI ___ 
BFM ____ 
Pound ___ 
____ do 1 __ 
.155 1. 24 
. 135 . 900 
.145 . 290 
. 145 . 145 
.13} 
.13 .072 
Material, 8-ft. baY----- - --~ - - -- - - - - ------------------------------ 27.100 
Floor area=24X8=192 sq. ft. 
Total material, 100 sq. ft. floor area (100/192X27.10) _ -·----------- 14. 10 
Labor 
Carpenter ______ _ ---- - - -------- - ---------
Labor ___ ____ ___ ---------------- ________ _ 
Man-hours Hourly rate 
1. 562 $2. 50 
0. 470 1.50 · 
Cost 
$3.905 
. 705 
Labor, 8-ft. bay ________________ __ ___ _______________ -----------_ 4. 610 
Total labor, 100 sq. ft. floor area (100/192X4.610) _____________ _ 
Total material and labor ___ --- - --------------------- _____ _ 
SYSTEM 9-A 
Material 
Center post_ _____ _ _ 
Quarter posts _____ _ 
1 ridge beam-
center. 
2 ridge beams-
quarter. 
6 aprons __________ _ 
Nails __ _____ ______ _ 
Bevel ridge and 
quarter beams 
(mill band saw) . 
Size Quantity Units Unit price 
4 X 4-131----- _ 4. 1 BFMI ___ $0.150 
4 X 4-10' ------ 6.67 BFMI ___ . 150 
4 X 12-6' ------ 24 BFM ____ .155 
4 X 12-6' ------ 48 BFM ___ _ .155 
2 X 4-2'- ------ 2 BFM I 
---
. 145 
16d and 10<1 __ 1/2 Pound 1 __ . 130 
---------- - --- - -------------------------------
2. 40 
16.50 
Cost 
$0. 615 
1.001 
3. 72 
7. 44 
.290 
. 065 
3. 00 
Material, 6-ft . ----------L-- -- ------------------------------- 16. 131 
bay. 
Floor area=24X6=144 sq. ft . 
Total material, 100 sq. ft. of floor area (100/144X16.131) _ _ _______ 11. 20 
t Prorated. 
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SYSTEM 9-A-contlnued 
Labor 
Carpenter ___________ ------------ ___ _ 
Laborer ____ ------ __ -----------------
Erect interior posts and beams, includes 
prorated cost of A frame, labor, 6-ft. bay. 
Man-hours Hourly rale 
1. 600 $2. 50 
. 394 1.50 
CoAt 
$4.00 
. 591 
4. 591 
Total labor, 100 sq. ft. floor area (100/144X4.591)_________________ _ 3.19 
Total material and labor _______________________ ---------------- 14. 39 
SYSTEM 9-B 
Material Size 
Center posts ______ _ 4 X 4-8' -------
Quarter posts _____ _ 4 X 4-8' ----- - -
1 ridge beam--cen- 4 X 12-6'------
ter. 
2ridge beam- quar- 4 x 12-6'------
ter. 
6 aprons _____ ______ 2 x 4-2' -------
Nails ______________ 16d __________ _ 
M ate r i a 1 , 6-ft. 
bay. 
Quantity Units 
2 BFM I ___ 
4 BFM I ___ 
24 BFM ____ 
48 BFM ___ _ 
1.5 BFM I __ _ 
H1 Pound 1 __ 
Floor area=24X6=144 sq. ft. 
Unit price 
$0. 150 
.150 
. 155 
. 155 
. 145 
. 13 
Cost 
$0.30 
. 60 
3. 72 
7. 44 
. 218 
. 065 
12. 343 
Total material, 100 sq. ft. of floor area (100/144X12.343)___________ 8. 58 
Labor Man-hours HoU7ly rate 
Carpenter ______________________________ _ 1. 504 $2.50 
Laborer __ ----------- ___________________ _ 
. 425 1. 50 
Labor, 6-ft. bay _______________________ _ 
Total labor, 100 sq. ft . of floor area (100/144X4.598) ____________ _ 
Cost 
$3. 760 
.838 
4. 598 
3. 19 
Total material and labor----------------------------------- -· - 11. 77 
Sheathing-24' Span 
SYSTEMS 1-A AND 2.-Sheathing (1" T & G supported on joists, 2'0'' o. c. 
running parallel to ridge) 
Material Size Quantity Units Unit price Cost 
1" T &: G sheath- 1" X 6"------- 119 BFM ____ $0. 135 $16. 065 
ing. 
Nails ______________ 
Material, 100 sq. 
ft. of roof. 
8d Common __ 1. 98 Pound __ _ . 130 . 257 
16. 322 
Total material, 100 sq. ft. of floor area (1.25X16.322) ______________ 20. 40 
Labor Man-hours Hourly rate 
Carpenter ________________________ -_----- 1.025 $2. 50 
Labor _____________________ --------------
.496 1. 50 
Labor, 100 sq. ft. of roof area .----------
Total labor, 100 sq. ft. of floor (1.25X3.305) ____________________ _ 
Cost 
$2. 56 
. 745 
3. 305 
4. 13 
Total material and labor ________ _./___________________________ 24.53 
SYSTEM l-B.-Sheathing (1" T & G supported on joists, 210'1 o. c.) 
Material Size Quantity 
119 
Units Unit price . Co~t 
I" T & G sheath- I" x 6"- ------
ing. 
BFM..... $0.I35 $I6.065 
Nails ...... .. ...... 8d Common .. 1. 98 Pound .. _ .13 .257 
Total, material, IOOsq. ft. of roof area _________________ ... -------- I6. 322 
Total material, 100 sq. ft. of floor (1.17XI6.322) _________________ 19.11 
LaJJor Man-hour& Hourly rate 
Carpenter .. _________ . ____ .. ______ ....... 0. 821 $2.50 
Labor._.-------------------------------- . 473 1. 50 
Labor, IOO sq. ft. of roof area .......... . 
Total labor, IOO sq. ft. of floor area (1.17X2. 76) . _ 
Total material and labor ________________ ___ _______________ _ _ 
Cost 
$2. 05 
. 71 
2. 76 
3. 23 
22. 34 
SYSTEM 3.- Sheathing (1" T & G sheathing on purllns 2' o. c., 4' long) 
Material Size 
1" T & G sheath- I" X 6" ...... . 
Quantity 
119 
Units 
&FM .... 
Unit price Co&t 
$0. I35 $16. 065 
ing. 
Nails ............. . 8d Common .. 1.98 Pound ... .13 . 257 
Purlins ........... . 2 X 4-I6' ...... 37.8 BFM .... .145 5. 48 
Framing anchors 
--------------
28.3 Each ..... . Ill 3. 14I 
(34 X 100/I20). 
Material, 100 sq. ft. of roof area. __ -------------------- -- --- ----- 24.943 
Total material, 100 sq. ft. of floor area (1.25X24.943). ___ _______ 31.179 
Labor Man-hours Hourly rate 
C,.,-penteL_ ---------------------------- 1 t ~ $>50 
Labor .. --------------------------------- . 473 1. 50 
Labor, 100 sq. ft . of floor area .... ..... ... ................. . ... . 
Total labor, 100 sq. ft . of floor area (1.25X7.668) ........... ... . 
Total material and labor __________________________________ _ 
$6.958 
.71 
7. 668 
9. 585 
40.764 
SYSTEM 4.- Sheathing (1" T & G sheathing on purlins 2' o. c., 6' long) 
Material Size 
1" T & G sheath- I" X 6" ...... . 
Quantity 
119 
Units 
BFM .... 
Unit price Cost 
$0. I35 $I6. 065 
ing. 
Nails ~ ------------- 8d Common. 1. 98 
Purlins ........... . 2 X 4-18' ------ 37.8 
Framing" anchors 
--------------
18.9 
(34 X I00/I80). 
Materilll, 10:> sq. ft . of roof area .. _ _ ...... . . 
Pound ... 
BFM ____ 
Each __ ___ 
.13 . 257 
.145 
.111 
5. 48 
2.098 
23.90 
Total material, 100 sq. ft. of floor area (1.25X23.90) _ .. __ ... _ .. _ 29. 875 
Labor Man-hours Ho·urly rate Cost 
c .. .,. ... ,------------------------------- \ t m s•"' $6.393 
Labor ...... !- --------- -------- -----. ___ . . 473 1. 50 . 71 
Labor, 100 sq. ft. roof area .... ___ ....... . 7. I03 
Total labor, 100 sq. ft. of floor area (l.25X7.103) ... __________ _ 8. 879 
Total material and labor __________________________________ _ 38.754 
SYSTEM 5.- Sheathing (1 '' T & G on purlins 2' o. c., 8' long) 
Material Size 
1" T & G sheath- 1" X 6" ... ... . 
Quantity 
119 
Units 
BFM . ... 
Unit price Cost 
$0. 135 $16.065 
ing. 
Nails ______________ 8d Common_ 1. 98 Pound .. . .13 . 257 
Purlins. ........... 2 x 4-8' ------- 37.8 BFM ... . .145 5. 48 
Framing anchors -------------- 14.17 Each ..... . 111 1. 57 
(34 X 100/240). 
Material, 100sq. ft . of roof area ......... __ __ . .. ___ _ _ 23.372 
Total material, 100 sq. ft . of floor area (1.25X23.372). _.. . . . .. 29.20 
SYSTEM 5.-Sheathlng~ontlnued 
Labor Man-hours Hourly rate 
Carpenter _______________________________ { ~:~ $~:;~ 
Labor ... ------- ____ -------------------- . 473 1. 50 
Labor, 100 sq. ft_. of roof area .......... . 
Tota1labor, 100 sq. n. of floor are'l (1.25X6.12) . . __________ __ _ 
Total material and labor ________ __ ---------------- ___ ____ _ 
Co&t 
$2.46 
2. 95 
.71 
6.12 
7. 65 
36.85 
SYSTEMS s-A, 7-A, AND 8-A.- Sheathing (2" T & G supported on joists 
4'0" o. c., 6'0" o. c., or 8'0" o. c., parallel to ridge) 
Material Size Quantity 
238 
Units Unit price Co&t 
2" T & G sheath- 2'' x 6" ______ _ BFM__ __ $0.160 $38. '080 
ing. 
Nails ______________ IOd Common. 
.99 Pound ... .I3 .129 
Materia!, 100 sq. ft. of roof area . _____ .. : .... __ .... _ ..... - 38.209 
Total material, IOO sq. ft. of floor (1.25X38.209) _________________ 47.80 
Labor Man-hour& Hourly rate 
Carpenter ... _ ...... __ .................. - 1. 740 $2.50 
Labor ... ____ ----------------------------- . 643 1. 50 
Labor, 100 sq. ft. roof area ..... _______ _ 
Total labor, IOO sq. ft. floor area (1.25X5.3I5) ________________ _ 
Co~t 
$4.35 
. 965 
5. 3I5 
6.65 
Total material and labor·------------------ -------- -------- 54.45 
SYSTEMS 7-B, 8-B, AND 9-B.-Sheathlng (2'' T & G supported on joists 4'0'' 
o. c., 6'0" o. c., or 8'0" o. c. 
Material Size 
2" T & G sheathing 2" x 6" ______ _ 
Quantity 
238 
Units 
BFM ___ _ 
Unit price Cost 
$0. 160 $38. 080 
Nails .............. IOd Common. . 99 Pound ... .13 .129 
Material, IOOsq. ft. roofarea ____________________________________ _ 
Total material, 100 sq. ft. of floor area (1.17X38.209) ___________ _ 
LaJJor Man-hour& Hourly rate 
Carpenter _________ ---------------------- 1. 302 $2. 50 
Labor ___ -------------------------------- . 482 1. 50 
Labor, IOO sq. ft. roof area ____________________________________ _ 
Total labor, 100 sq. ft. of floor area (1.17X3.982) . -------------
Total material and labor-----------------------------------
38.209 
44.70 
Cost 
$3.26 
. 722 
3.982 
4.66 
49.36 
SYSTEM s-B.- Sheathing (2" asbestos cement-fibre board laminate; 
purllns 4'. o. c.) 
Material Size Quantity Unit& Unit price Cost 
8 purlins ........... . 3 X 3-4' ....... 24 BFM .... $0.150 $3.60 
3~~ asbestos cement- '}/' X 4' X 81 _" __ 112 Sq. ft. ... . 515 57.68 
fiber board lami-
nate panels. 
. { 12d, galvanized. 2.35 Pound ... .18 .423 Nalls___ ___________ 12d ___________ .8 ___ do ...... .13 .104 
:tv.aterial, 112 sq. ft . of roof area . __ . __ ....... .. ........... --- .. .. 61. 807 
Total material, 100 sq. ft. floor area (100/112Xl.l7) (61.807). .... 64.50 
LaJJor Man-hours Hourly rate 
Carpenter _______________________________ { 1:~8 $~:~} 
Labor_---------------------------------- . 250 1. 50 
Labor, 112 sq. ft. roof area .. -----------------------------------
Totallabor, 100 sq. ft. of floor area (100/112Xl.17) (5.795). ----
Total material and labor __________________________________ _ 
Cost 
$5.42 
.375 
5. 795 
6.05 
70.55 
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SYSTEM 9-A.-Sheathlng (2'' T & G, running perpendicular to rldce) 
Material Size 
2" T & G sheathing 2" x 6" __ ____ _ 
Quantitv Units 
238 BFM ___ _ 
Unit price C~st 
$0. 160 $38. 080 
Nails ___ ___________ 10d Common_· 
. 99 Pound __ _ 
.13 .129 
lv.aterial, 100 sq. ft. of roof area __ . ___________________ ------------
Total material, 100 sq. ft. floor area (1.25X38.209) ___ ___ __ _____ _ 
Labor Man-hours Hourlv rate 
Carpenter. ___ __ ______________ __________ _ 1. 375 $2.50 
Labor __ ___ -- _____ --- ----- - ---- -- ----- - -- .344 1. 50 
Labor, 100 sq. ft. or roof area _______ ___ ___ _ ---- - ----- _____ _____ _ 
Total labor, 100 sq. ft. floor area (1.25X3 . .956) ___ ___ _____ ____ _ _ 
38. 209 
47.80 
Cost 
$3.44 
. 516 
3.956 
4. 95 
Total material and labor-- ----------- -- -- -- ---·-------- - --- 52. 75 
Finish Roofing-24' Span 
SYSTEMS 1-A, 2, 3, 4, 5, S...A, 7-A, 8-A, AND 9-A.-Asphalt shingles over 
sheathing or rigid insulation 
Material Size Quantity Units Unit price Cost 
Shingles, 3-in-1 strip 12'' X 36"- ---- 1 Square ___ $7.95 $7. 95 
210#. 
Nails, galvanized 
- ----- -- --- -- -
1. 25 Pound ___ . 20 .25 
roofing. 
#15 felt, saturated __ 15#_-- ------ - - Square ___ . 925 . 925 
Material, 100 sq. ft. of roof area ____________ _________ ------- - ---__ 9. 125 
Total material, 100 sq. ft. or floor area (1.25X9.125}_ __________ 11.406 
Labor Man-hours Hourlv rate 
Carpenter_-- --- -- --- - ------ - ____________ 1. 5 $2.50 
Labor, 100 sq. ft. roof area __ -- - --------
Total labor, 100 sq. ft. of floor area (1.25X3.75) __ ___________ _ _ 
Total material and labor ________________________ __________ _ 
Cost 
$3. 75 
3. 75 
4.125 
15. 531 
SYSTEMS 1-B, S...B, 7-B, 8-B, AND 9-B.-Bullt-up roofing over sheathing or 
rigid Insulation, 3-ply roof 
Material Size Quantity Units Unit price Co~t 
Sheathing paper 
-- --- -------
1 Square ___ $0.925 $0. 925 
(#15 felt). 
#30 felL --- -------- - ----------- __ do ______ 1. 85 1. 85 
#15 felL --- ---- -- -- ------------ __ do ______ . 925 1.85 
Coal tar pitch __ ___ 
-- ----------
125 Pound ___ 2. 45/100 3. 06 
Roofing ~rraveL ___ 
------- - ----
400 __ do __ ____ 3. 65/2000 . 73 
Lath and nails _____ 
--------- ---
.30 
Material, 100 sq. ft. of roof area ___ _ ______________ - __ _ _ __ __ _ __ ___ 8. 715 
Total material, 100 sq. ft. of floor area (1.17X8.715) _________ __ 10.197 
Labor Man-hours Hourlv rate 
Foreman __ ----- - --------------- - -------- 0. 34 $2.55 
Roofer ___ ___ - --"- - ______ -- - ----- -- ------- 1. 36 2. 30 
Labor, 100 sq. ft. roof area __ ---------- -
Total labor, 100 sq. ft . of floor area (1.17X3.995) _____________ _ 
Total material and labor ($14.871) t-su bcontracted ______ _ _ 
t Includes contractors' overhead and profit. 
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Cost 
$0. 867 
3.128 
3. 9915 
4.674 
21. !i63 
lnsulation-24' Span 
SYSTEMS 1-A, 1-B, 2, 3, 4, AND 5.-Batt Insulation 24" wide between ceiling 
joists 
Mate1ial Size 
Mineral wool insu- 23" x 48' ' x 4" _ 
lation batts (VP 
Quantitv Units 
104 Sq. ft ___ _ 
Unit price Cost 
$0. 08 . $8. 32 
backing). 
M aterial, 100 sq. ft. of floor area ______ ---------------------------- 8. 32 
Total material, 100 sq. ft. of floor__________ ___________________ 8. 32 
Lab01 
Labor ___ ---------------- - ----- --- ___ ___ _ 
Man-hours Hourlv rate 
1.1 $1. 50 
Cost 
$1.65 
Labor, 100 sq. ft. floor area_____________ 1. 65 
Total labor, 100 sq. ft. of floor area_ ---------------------- - -- 1. 65 
Total material and labor__ __ _____________________ __ ________ 9. 97 
SYSTEMS S...A, 7- A, 8-A, AND 9-A.-11fi" rigid Insulation over wood plank 
with vapor course 
Material Size Quantitv Units Unit price 
Sheathing paper 
--------------
1 Square ___ $0.925 
(#15 felt). 
#15 roofing felt _____ 
- -------------
2 __do ______ . 925 
Rigid insulation __ _ Hi " X 24" X 105 Sq. ft_ ___ .225 
48". 
Galvanized roofing 2H'' ---------- 3 Pound ___ .20 
nails. 
Roofing pitch ___ __ 30 __ do ____ __ 2. 45/100 
Material, 100 sq. ft . of roof area __ __ ______________ _______________ _ 
Total material, 100 sq. ft . of floor area (1.25X27.735) _____ ____ _ 
Labor Man-hours Hourly rate 
Roofer- -----------------------------_____ 0. 8 . $2. 30 
Labor, 100sq. !t. roof area _______ ---------------- _________ _ 
Total labor, 100 sq. ft. of floor area (1.25X1.84) ______________ _ 
Total material and labor __________________________________ _ 
Cost 
$0. 925 
1. 850 
23. 625 
.60 
. 735 
27. 735 
34. 669 
Cost 
$1.84 
1.84 
2.30 
36.969 
SYSTEMS 7- B, 8-B, AND 9-B.- 11/2" rigid insulation over wood plank with 
vapor course 
Material Size Quantity Units U~it price 
Sheathing paper 
------------- -
1 Square ___ $0. 925 
(#15 felt). 
#15 roofing felt __ ___ 
--------------
2 __ do _____ . 925 
Rigid insulation ___ Hi " X 24" X 105 Sq. ft__ __ . 225 
48" . 
Galvanized roofing 2H"---------- 3 Pound ___ . 20 
nails. 
Roofing pitch ______ 
--------------
30 __ do ______ 2. 45/100 
Material, 100 sq. ft. of roof area_- --------------- - ----------- ---- -
Total material, 100 sq. ft . of floor area (1.17X27.735) _________ _ 
Labor Man-hours Hourly rate 
Roofer _____ ___________ _ -- ---------------- 0. 8 $2.30 
Labor, 100 sq. ft . of roof area __________ _ 
Total labor, 100 sq. ft. of floor area (1.17X1.84) ______________ _ 
Total material and labor _________ _________________________ _ 
Cost 
$0:925 
1.850 
23. 625 
. 60 
. 735 
27.735 
32.450 
Co8t 
$1.84 
1.84 
2. 153 
34. 603 
Finish Ceiling-24' Span 
SYSTEMS 1-A AND 1-8.- ljz'' gypsum wallboard for ceiling-bearing partl· 
tlon requiring more cutting and fitting 
Material Size Quantitv Units Unit price Coat 
Wallboard _________ ~11 X 4' X 8' --- 105 Sq.ft__ __ $0.06 $6.825 
·Brads . __ ---------- 1~~~- --------- .5 Pounds __ .16 .08 
Perforated tape in- 2%611 --- ------ .15 RolL . ___ 4. 75 .713 
eluding cement. 
1\·aterial, 100 sq. ft. of floor area ____ ------------------------------- 7. 618 
Total material, 100 sq. ft. of floor area . _ ----------------------- 7. 618 
Labor Man-hour• Hourlv rate 
Carpenter. ------------------------------{ 1~3: $~:: 
Cost 
$7.00 
3. 325 
labor, 100 sq. ft . of floor area._ .. __ . ____________ . ___ ________ . ______ 10. 325 
Total labor, 100 sq. ft. of floor area _______________________ ________ 10.325 
Total material and labor- -------------------------------------- 17.943 
SYSTEM 2.-lh'' gypsum wallboard for ceiling- no purl ins necessary 
Material Size Quantitv Units Unit price Cost 
Leveling board ____ 2 X 4-4.17' ---- 2. 78 BFM ____ $0.145 $0.403 
Wallboard _________ ~11 X 4' X 8' -- 105 Sq. ft_ ___ .06 6.825 
Brads . ____________ 1~~~- --------- .5 Pound ___ .16 .O!l 
Perforated tape in- 2%6 11 -- - ------ . 15 RolL . ___ 4. 75 .713 
eluding cement. 
Material, 100 sq. ft . of floor area ____ _ ·------------------------------- 8. 021 
Total material, 100 sq. ft. offioor area .. ___________ ________________ 8. 021 
Labor Man-hours Hourlv rate 
Carpenter. _---------------------------- --{ ~: ~ $~:: 
Cost 
$4. 00 
3. 325 
Labor, 100 sq. ft. of floor area. _____________________________________ 7. 325 
Total labor, 100 sq. ft. of floor area _______________________________ 7. 325 
Total material and labor .·----------- ----- ------ ---- ----- ------ 15.346 
SYSTEM 3.-% '' gypsum wallboard for ceiling-with purlins 
Material 
Purlins ___________ 
Framing anchors 
(39 X 100/384) . 
Wallboard .. _______ 
Brads. __ ----------
Perforated tape in-
eluding cement. 
Material, 100 sq. 
ft. floor. 
Size 
2x4-16' ______ 
--------------
~~~X 4' X 8' . .. 
1~" ----------
2%611 ---------
Quantitv Units Unit price 
36. 2. BFM ____ $0.145 
10.16 Each ____ _ .111 
105 Sq. ft. ___ . 065 
. 5 Pound ___ .16 
. 15 RolL ____ 4. 75 
Cost 
$5.249 
1.128 
6.825 
.08 
. 713 
13.995 
Total material, 100 sq. ft. of floor area .. __________________________ 13.995 
Labor Man-hours Hourly rate 
Carpenter _--------------------------____ 4. 11 $2. 50 
Cost 
$10.275 
Labor, 100 sq. ft. of floor area ._. ___________ ._.--------- . ____ ._._. __ 10.275 
Total labor, 100 sq. ft. of floor area ___________________________ ____ 10.275 
Total material and labor ___ ___ ____ --------------------"-------- 24.270 
SYSTEMS 4 AND 5.- %'' gypsum wallboard for ceiling-with purllns, &'long 
Material Size Quantitv Units Unit price Cost 
Purllns ______ ______ 211 X 411 X 1811 • 36.2 BFM ____ $0.145 $5.249 
Framing anchors 
----- ---------
12.04 Each .. ___ .111 1. 336 
(52 X 100/432). 
Wallboard _________ ~~~X 4' X 8' .. 105 Sq. fL .. . 065 6.825 
Brads ... ---------- 1~~~ ---------- .5 Pound ___ .16 .08 
Perforated tape in-
eluding cement .. 2%6 11 --------- . 15 RolL __ __ 4. 75 . 713 
Material, 100 sq. ft . of floor area .... ------------------------------- - 14.203 
Total material, 100 sq. ft. of floor area .. _______________ _____ ______ 14.203 
1 End wall, prorated. 
SYSTEMS 4 AND 5.-%" gypsum wallboard for ceiling-with purlins, 6' 
long-Continued 
Labor Man-hours Hourly rate 
Carpenter . _______ ------------·- -- ------- 4. 33 $2. 50 
Coat 
$10. 825 -
Labor, 100 sq. ft. of floor area .. ·---- -- --- ----- ----------- ---- ------ 10. 825 
Total labor, 100 sq. ft. of floor area_ ·- ----- ----------- -------- ---- 10.825 
Total material and labor ----------•---------------------------- 25.028 
Wall Framing and Exterior Finisfl--24' Span 
SYSTEMS 1-A, 1-8, 2, 3, 4, AND 5.-Tip-up wall (2" x 4" studs, 24"o.c. with 
sheathing and asbestos cement board siding) 
Material Size Quantity Units Unit price Cost 
3 top and sill plates. 211 X 411 X 10' .. 20 BFM ___ __ $0.145 
6 studs ___ ________ _ 211 X 4" X 8 '-- 32 BFM ____ .145 
52 BFM. ____ .145 $7.540 
Asbestos-cement ~11 x4'x8' - --- 84 Sq. ft ____ .115 9.660 
board. 
Gypsum sheath- H" X 4' X 8' __ 84 Sq. ft_ __ _ .065 5.460 
ing. 
N ., rOd and 12<L .675 Pound ___ . 13 . 088 at.s ___ ___ _______ _ 8d, galvan-
___ do ___ ___ 
.18 .18 
ized. 
Framing auchors __ 
--------------
Each _____ 
.111 . 555 
Waterial, 10' length of waiL _____ -·. ___________ -------------------- 23. 483 
Wall area=8X10-80 sq. ft. 
100/80X23.483=$29.38, material/100 sq. ft. of walL ________ __________ $29.38 
Battens 2411 o. c. in place (0.04/sq. ft.) (100) ________________________ 4. 00 
Total material, 100 sq. ft. of wall area ___________ ________________ 33.38 
Labor Man-hours Hourlv rate 
Carpenter_---------- - -- ----- ------------ 3. 27 2. 50 
Labor, 100 sq. ft. of wall area _________ _ 
Total labor. 100 sq. ft. wall area __ ___ _ 
'rotal material and labor __________ _ 
Flat roof,' 1.05X41.555=$43.70/100 sq. ft. floor. 
Pitched roof,' 1.23X41.555=$51.20/100 sq. ft. floor. 
SYSTEMS 1-A, 1-8, 2, 3, 4, AND 5.-Wall (diagonal bracing) 
Coat 
$8.175 
8.175 
8.175 
41.555 
Matetial Size Quantity Units Unit price Cott 
Brace ___ _________ _ . 1" x 4" A 12" _ 4 BFM ___ _ $0. 135 $0. 54 
Labor Man-hours Hourlv rate 
Mark, cut, place bracing --------------- 0. 4 $2.50 
Total per brace ____ -- ----------------
Total per house ____________ __ _ --------
Coat 
$1.00 
1.54 
12.32 
Total labor 12.32/1056=$0.0117 per sq. ft. wall or $1.17 per 100 sq. ft. wall. 
Total material and labor: 
1.05Xl.l7=$1.23.' 
Either flat or pitched roof.! 
SYSTEMS 6-A AND 6-8.-Wall framing-crawl space (primary wall framing-
posts 4' o. c.) 
Material Size Quantitv Units Unit price Coat 
2 post_ ____________ _ 3 X 4-8' .... 7 •• 16 BFM ____ $0.150 $2.40 
2 bottom plates __ __ 2 X 6-4'------- 8 BFM ____ .145 1.160 
4 top plates ____ ___ _ 2 A 4-4' ---- --- 10.67 BFM ____ .145 1. 546 
Nails ____ ____ ____ __ 12d and 10d __ .32 Pound __ _ .13 .042 
Framing anchors ._ 
--------------
4 Each ____ _ .111 .444 
Material, 4' bay_ 5. 592 
Wall area=64 sq. ft. 
Total material, 100 sq. ft. of wall area (100/64X5.592) _______ __ _ 8. 74 
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SYSTEMS 6-A AND 6-B.-Wall framing-crawl space (primary wall fram· 
ing posts 4' o. c.}-Continued 
Labor Man-hours HoUJly rate 
Carpenter- --- -- ------------------------- 0. 816 $2. 50 
Labor, 96 sq. ft . of wall area . _________________ _._ . ---- ----------
Totallabor, 100 sq. ft. of wall area (10C/96X2.04L ______ - ----
Total material and labor ____ ._.-- . . . --------- .. ------------
Flat, I 1.05X10.86=$11.40 cost, 100 sq. ft. floor area. 
Pitched, I 1.23X10.86=$13.35 cost, 100 sq. ft. floor area. 
Cost 
$2.04 
2.04 
2.12 
10.86 
SYSTEMS 6-A AND 6-B.- Wall panels- crawl space (2 1 1 asbestos cement-
fibreboard laminate on walls-posts 41 o. c.) 
Material Size Quantity UnUs UnU price Cost 
2laminated panels .. 2" 4'x 10' ____ _ _ 80 Sq. fL ._. $0. 515 $41. 20 
Nails, galvanized . .. 12d ___________ _ 1.20 Pound ____ .18 .216 
Material, 4' bay __ 41.416 
Wallarea=4X8X2=64 sq. ft. 
100/64X41.416=$64.70cost; material, 100sq. ft . walL ____ ___ ___ _ ._ 64.70 
Battens- 4' o. c. in place ($0.0244X100)________ ___________________ _ 2. 44 
Total material, 100 sq. ft. of wall area. _____ -- --------------- - __ 
Labor Man-hours Hourly rate 
Carpenter_. _____ ----- - - -- - -----·____ ______ 0. 85 $2. 50 
Labor, 4' bay __ ______ __________ --- - - - -- . ---- - --- -
Totallabor, 100 sq. ft. of wall area (100/64X2.12) __ _ - - ---- - ---
Total material and labor ___ ________________ _______________ _ 
Flat, I 1.05X70.45=$74.00 cost. 100 sq. ft. of floor. 
· Pitched, I 1.23X70.45=$86.50 cost, 100 sq. ft. of floor. 
67.14 
Cost 
$2.12 
2.12 
3. 31 
$70. 45 
SYSTEMS 6-A AND 6-B.-Wall framing-slab (primary wall frame-posts 
41 o. c.) 
Material Size Quantity UnUs Unit price Cost 
2 posts ___ ____ ____ __ 3 X 4-8'------- 16 BFM ..... $0.150 $2. 40 
2 bottom plates .... 2 X 8-4'------- 10.67 BFM .... . 145 1. 546 
4 top plates ________ 2 X 4-4' ------- 10. 67 BFM ____ . 145 1. 546 
Nails ___ ____ ____ ___ 12d and 10d. _ .32 Pound ___ . 13 . 042 
Framing anchors._ 
--------------
Each _____ 
.111 . 444 
Mater;ial, 4' bay_ 5. 978 
Wallarea=4X8X2=64 sq. ft. 
Total material, 100 sq. ft. of wall (100/64X5.978) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ $9. 34 
Labor Man-hoUJs Hourly rate 
Carpenter_ -- - -- - --- -- --- --- - --------____ 0. 816 $2. 50 
Labor, 96 sq. ft. ofwalL ______________ _ 
Total labor, 100 sq. ft . of wall (100/96X2.04) ____________________ _ 
Total material and labor___________ __________ _ _____ ___ _ 
B. Flat,I 1.05X11.48=$12.05 cost, 100 sq. ft. of floor. 
A. Pitched, I 1.23X11.48=$14.10 cost, 100 sq. ft . of floor. 
1 End wall, prorated. 
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Cost 
$2. 04 
2.04 
2. 12 
11. 48 
SYSTEMS 6-A AND 6-B.-Wall panels- slab (2// asbestos cement- fibreboard 
laminate on walls-posts 41 o. c.) 
Material Size Quantity Units · Unit price Cost 
2laminated panels. ~, x 4' x 8' __ _ 64 Sq. ft. ___ $0. 515 $32. 96 
Nails, galvanized .. 12d _______ ___ _ 1. 20 Pound.__ . 18 . 216 
¥ aterlal, 64 sq. ft. of wall area .. . . . ____________________________ 33. 176 
100/64X33.176= $51.80 cost; material, 100 sq. ·ft. of wall .__________ 51. 80 
Battens-4' o. c. in place ($0.02X100) ______________ ________________ 2.00 
Total material, 100 sq. ft. of wall area ___________________________ 53. 80 
Labor Man-houri! Hourly rate 
Carpenter.---------- -------------------- 0. 842 $2.50 
Cost 
$2. 105 
Labor, 64 sq. ft. of walL _________________ 2. 105 
Total labor, 100 sq. ft. of wall area (100/MX$2.105). _ ____________ 3. 29 
Total material and labor------------------____________________ 57. 09 
B. Flat roof, I 1.05X57.09=$60.00, 100 sq. ft . floor area. 
A. Pitched,! 1.23X57.09=$70.30, 100 sq. ft. floor area. 
SYSTEMS 7-A AND 7-B.-Wall framing (wall frame-3 1 1 x 4'' posts, 61 o. c.-
2" x 4" sill plate) 
Material Size Quantity 
16 
16 
Units Unit price C08t 
2 posts_____________ 3 x 4-8' ______ _ BFM.... $0.150 $2. 40 
1 plate (bottom) 2 x 8-1~-----­
(or 4" of ~, x 6" 
BFM ____ . 145 2.32 
T & G per detail) . 
Nails ______________ 12d ...•....... 
. 1 Pound __ _ 
.13 
JV aterlal , 12' section. ______ _____ ___ ----------------------------
Wall area=8X12=96 sq. ft. 
Total material, 100 sq. ft. of wall area (100/96X4.733) __________ _ 
Labor Man-hour11 Hourly rate 
Carpenter ________ ---------------------- - 0. 833 2. 50 
Labor, 100 sq. ft . of wall area _______________________________ ___ _ 
Total labor, 100 sq . ft. of wall area ______ _____________________ _ 
Total material and labor, 100 sq. ft . of wan area __ _____ ____ _ 
A. Pitched,! 1.23X7.01=$8.63 cost, 100 sq. ft . of floor area. 
B. Flat,Il.05X7.01=$7.36 cost, 100 sq. ft. of floor area. 
. 013 
4. 733 
4. 93 
cost 
$2. 08 
2. 08 
2. 08 
7. 01 
SYSTEMS 7-A AND 7-B.- Wall panels (tip-up wall panel-1 11 x 411 , 1611 o. c 
with sheathing and siding, 61 x 81) 
Material Size Quantity Units 
2 plates ____________ 1 X 4-6' ------- 4 BFM ____ 
6 studs. ___________ 1 X 4-9' ....... 18 BFM ____ 
Insulating sheath- H" X 4' X 12' -- 56.70 sq. fL ... 
ing. 
Asbestos cement n~. ~s" x 4' x 60 sq. ft. ____ 
board. 10'. 
Nails ______________ {8d, galvanized 1.1 Pound ... 
8d, common .. . 7 ..do. ____ 
Material, 6' panel _____________ _ 
Wall area=6X8=48 sq. ft. 
Unit price 
$0.135} 
. 135 
.075 
.115 
. 18 
. 13 
Cost 
$2.97 
4. 253 
6.90 
. 198 
. 091 
14. 412 
100, 48X14.412=$30 cost, material, 100 sq. ft. wall area__________ 30. 00 
Battens- 16" o. c. in place, $0.06 per sq. ft. wall, $6 per 100 sq . ft. 
walla-rea ____________ __ __ ---------- _______ ------------------____ 6. 00 
Total material, 100 sq. ft. wall area . __ ----------------------- 36.00 
L,abor Man-hours Hourly rate 
Carpenter .------------------------------ 1. 28 $2. 50 
Labor, 6' paneL ----------------------- ---------- ----------
Totallabor, 100 sq . ft . of wall area (100, 48X3.20) ____________ _ . 
Total material and labor___________ ---------- -------- - -
B. Flat, I 1.05X42.66=$44.80, cost, 100 sq. ft . floor. 
A. Pitched, 1.23X42.66=$52.50, cost, 100 sq. ft. floor. 
Cost 
$3.20 
3. 20 
6. 66 
42.66 
SYSTEMS 8-A AND 8-B.- Wall framing (wall frame-31 1 x 411 posts, 81 o. c.-
2" x 4" sill plate) 
Material Size Quantitv U11its Unit price Cost 
2 posts ____________ 3 X 4- 8' ---- --- 16 BFM ___ _ $0. 150 $2. 40 
1 plate (sill) _______ 2 X 8- 16' ------ 21.33 BFM ____ .145 3. 094 
Nails ________ ______ 12d ___________ 
. 1 Pound ___ 5.13 .013 
Material, 16' section ........ . ------------------ ·· -------------------- 5. 507 
Wall Ar<.>a=8X16=128 sq. ft . 
Total material, 100 sq. ft. wall area (100/128X5.507L-------- ----- 4.31 
Labor Man-hours Hourlv rate Cost 
Carpenter_----------- ____ -------________ 0. 625 $2. 50 $1. 563 
Labor, 100 sq. ft. of walL ------ ------------------------------------- 1. 563 
Total labor, 100 sq. ft. wall area __________ ____ _____________________ 1. 563 
Total material and labor ________________________________________ 5. 873 
B. Flat,' 1.05X5.873=$6.16 cost, 100 sq. ft. floor area. 
A. Pitched,' 1.23X.5.873=$7.22 cost, 100 sq. ft . floor area. 
SYSTEMS 8-A AND 8-B.- Wall panels (tip-up wall panel-1" x 4", 16" o. c 
with sheathing and siding) 
Material Size 
2 plates ____________ 1 x 4-8' -------
7 studs. ____ -----_ _ 1 x 4-9' _____ _ _ 
Insulating sheathing_ ~" x 4' x 8' __ 
Asbestos-cement 2-~" x 4' x 10' 
board. 
Nails ___ ___________ {8d8d, galvanized 
, common .. 
Material,8'panel --------------
Quantitv Units 
5~3 BFM .... 
21 BFM __ __ 
75. 6 Sq. ft. ... 
80 Sq. ft. ... 
1.32 Pound ... 
.8 _____ do ___ 
-------- ----------
Wall area=8X8=64 sq. ft. 
Unit price Cost 
$0.135} 
.135 $3. 5b 
.075 5. 67 
. 115 9.20 
.18 . 237 
. 13 . 104 
18.761 
100/64X18.761=$29.30 cost, material, 100 sq. ft. wall area _________ 29. 30 
Battens 16" o. c. in place=$0.06, sq. ft. wall=$6/100 sq. ft . waiL . 6. 00 
Total material, 100 sq. ft. wall area.---------------------- - --- 315.30 
Labor Man-hours Hourlv rate Cost 
Carpenter __ --------------------__________ 1. 28 2. 50 $3. 20 
Labor, 8' paneL-- ------------------ --- __________ 3. 20 
Total labor, 100 sq. ft. wall area (100/64X3.20) ___ _ ____ _ ____ ____ 5. 00 
Total material and labor___________ ---------- 40.30 
B . Flat,' 1.05X40.30=$42.25 cost, 100 sq. ft. floor area. 
A. Pitched,' 1.23X40.30X$49.60 cost, 100 sq. ft. floor area. 
SYSTEMS 9-A AND 9-B.-Wallpanels(wall-3' 1 T & G with 1" x2" strapping 
and reflective Insulation) 
Material Siu 
3" tongue and 3 x 6-8' -------
groove. 
Strapping __________ 1 X 2- 50'-----· 
Top plate (milled) _ }2 X 4-6' ....... Bottom plate ...... 
Trim ______________ _ 1 X 4--{)' ... ____ 
Reflective insula-
---------- --- -
tion. 
Quantitv 
164 
bO 
50.4 
Units 
BFM .... 
Lin. fL .. 
BFM ____ 
BFM .... 
Sq. fL ... 
Unit price Cost 
$0. 165 $27. 00 
. 035 1. 750 
.145 1.160 
. 135 .270 
. 031 1. 562 
Staples_____________ -------------- . 05 1,000 to 3. 50 .175 
Nails__ _____________ p:~~~~~~~~~~~ :!~}Pound ___ .13 .112 
Material, 6' width of walL _______________________ __ _______________ 32. 029 
Wall area=8X6=48 sq. ft. 
Total material, 100 sq. ft. of wall area (100/48X32.029) ______________ 66.80 
Labor Man-hours Hourlv rate Ca&t 
Carpenter-------------------------------~ 1. 885 $2.50 $4. 713 
Labor, 6' width of walL ______ ____________________ __ ___ __ _________ _ •· 713 
Total labor, 100 sq. ft. of wall area (100/48X4.713)_________________ 9. R2 
Total material and labor_____________ __ ________________________ 76. f\?. 
B. Flat,'l.05X76.62=$80.50 cost, 100 sq. ft . floor area. 
A. Pitched,' 1.23X76. 62=$94.30 cost, 100 sq. ft . floor area. 
t End wall , prorated. 
lnsulation- 24' Span 
SYSTEMS 1-A, 1-B, 2, 3, 4, AND 5.-Batts 24" wide between studs 
Material Size 
Mineral wool insu- 23" x 48" x 2" 
lation batts (VP 
Quantitv 
104 
Units 
Sq. fL ... 
Unit price Cost 
$0. 057 $5. 928 
backing). 
Material, 100 sq. ft. of wall __________________________________________ 5. 928 
Total material, 100 sq. ft. wall area ____ --------------------------- 5. 928 
Labor Man-hours Hourlv rate Cost 
Labor__ __________________________ 1.1 $1.50 $1.65 
Total labor, 100 sq. ft. of wall area __ ___ ____________________________ 1. 65 
Total material and labor__ ________ ---- ---- ------------------------ 7. 578 
B. Flat,'l.05X7.578-=$7.957 cost, 100sq. ft. of floor. 
C. Pitched,' 1.23X7.578=$9.31 cost, 100 sq. ft. of floor. 
Exposed plank. 
SYSTEMS 6-A AND 6-B.-See wall panels 
SYSTEMS 7-A, 7-B, 8-A, AND 8-B.-Batts 1611 wide between studs 
Material Size 
Mineral wool insu- 15" x 48" x 2" 
lation batts (VP 
Quantitv 
101 
Units 
Sq. fL ... 
Unit price Cost 
$0. 057 $5. 757 
backing) . 
Material, 100 sq. ft. of walL ___ __ _______________________________ __ __ 5. 757 
Total material, 100 sq. ft. of walL ___________ __ ___ --------- - ------ 5. 757 
Labor Man-hours Hourly rate Cost 
Labor .. __________________ ______ ___ .. __ ____ 1. 1 $1. 50 $1.65 
Total labor, 100 sq. ft. of wall area _______________ ___ _________ _____ _ 1. 65 
'l'otal material and labor. ______________ ____ ____ _________________ 7. 407 
A. Pitched & B. Flat,' 1.05X7.407=$7.777 cost, 100 sq. ft. floor area· 
C. Pitched,' 1.23X7.407=$9.11 cost, 100 sq. ft . floor area. 
SYSTEMS 9-A AND 9-B.-No separate Insulation 
Wall Interior Finish---24' Span 
SYSTEMS 1-A AND 1-B.-tn" gypsum wallboard for walls-bearing partition 
required 
Material Size ()uantitv Units Unit price 
Wallboard __ ______ ~11 X 4' X 8' .. 105 Sq. ft ... .. $0.065 
Brads ________ . ____ 1~" ---------- . 5 Pound ... . 16 
Perforated tape in- 2~e" ---- ----- .15 RolL .... 4. 75 
eluding cement. 
Material, 100 sq. -------------- -------- ---------- --------
ft. of wall. 
Total material, 100 sq. ft. of wall _________________________ ----
Labor Man-hours Hourlv rate 
Carpenter ________ ----------------------- 4.13 $2.50 
Cost 
$6.825 
. 080 
. 713 
7. 618 
7. 618 
Cost 
$10.325 
Labor, 100 sq. ft. of walL -------------------- -- -------------------- 10. 325 
Total labor, 100 sq. ft. of walL __ ____ ____ __ __________ __ ___ .. __ ... 10. 325 
Total material and labor ___________________________ ---- .. -- __ .. 17. 943 
A. Pitched or B. Flat roof,' 1.05X17.943=$18.85 per 100 sq. ft. floor area. 
C . Pitched roof,' exposed beams, 1.17X17.943=$21.00 per 100 sq. ft. floor . 
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SYSTEMS 2, 3, 4, 5, 9-A, AND 9-8.-1/i" gypsum wallboard for walls-no 
bearing partition required 
Material Size Ouantity Units Unit price Cost 
Wallboard _________ ~~~X 4' X 8' __ 105 Sq. ft_ ___ $0.065 $6.825 
Brads ____ --------- 1H"---------- . 5 Pound ___ .16 . 080 
Perforated tape, in- 2~16" --------- . 15 RolL ____ 4. 75 . 713 
eluding cement. 
Material, 100 sq. ft. of walL ____ ___________ _________________________ 7. 618 
Total material, 100 sq. ft. of walL _________________________________ 7. 618 
Labor 1\-fan-hours H011~ly rate 
Carpenter _------------------------------ 2. 93 $2.50 
Labor, 100 sq. ft. of wall_--- - ------- -------------------------- ----
Total labor, 100 sq. ft. of walL ______________ __ ___ _________ ____ _ 
Cost 
$7.325 
7. 325 
7. 325 
Total material and labor -------------------------------------- 14.943 
A. Pitched or B. Flat roof,' 1.05X11.943=$15.69 per 100 sq. ft. of floor. 
C. Pitched roof, exposed beams,' 1.17X14.943=$17.50 per 100 sq. ft. floor. 
SYSTEMS 6-A AND 6-B.-See wall panels 
SYSTEMS 7-A AND 8-A.-lfa" gypsum wallboard for walls-bearing partition 
required 
Material 
Wallboard _______ --
Brads _____ --------
Perforated tape, in-
eluding cement. 
Material, 100 sq. 
ft. of wall. 
Siu Ouantity 
%"X 41 X 8'-- 101> 
1H"---------- .5 
2~6"- ------ -- . 15 
Units Unit price Cost 
Sq. ft _____ $0.60 $6.30 
Pound ___ 
.16 . 080 
RolL ____ 4. 75 . 713 
----------- 7.093 
Total material, 100 sq. ft. of walL ________________________________ 7. 093 
Labor Man-hours Hourly rate 
Carpenter ___ _ -------____________________ 4. 13 2. 50 
Labor, 100 sq. ft. of walL --------------
Total labor, 100 sq. ft. of walL ______________________________ _ 
Cost 
$10.325 
10.325 
10.325 
Total material and labor ____ ___ _______________________________ 17.418 
B. Flat roof,'I.05X17.418=$18.30 per 100 sq. ft. of floor. 
C. Pitched roof,' exposed beam, 1.17X17.418=$20.40 per 100 sq. ft. floor. 
SYSTEMS 7-B AND 8-8.- 3/a" gypsum wallboard for walls-no bearing 
partition required 
Material Size Ouantity Units Unit price Cost 
Wallboard _______ -- %"X 4' X 8' -- 105 Sq. ft_ ___ $0.060 $6.30 
Brads __ ----------- 1H"---- --- --- .5 Pound ___ .16 .080 
Perforated tape, in- 2~6" --------- . 15 RolL ____ 4. 75 . 713 
eluding cement. 
Material, 100 sq. -------------- _____ ___ ---------- ------ -- 7. 093 
ft. of wall. 
Total material, 100 sq. ft. of walL-- -- -- --- -------- - -- ---------- -- 7. 003 
Labor Man-hours Hourly rate 
Carpenter _____ ____ ___ ____ __ -----·--______ 2. 93 $2. 50 
Cost 
$7.325 
Labor, 100 sq. ft. of walL -------------- 7. 325 
Total labor, 100 sq. ft. of walL ~- - -------------- - ---------- ----J - 7. 325 
Total material and labor ----- ---- --- ------------- --- --- ----- -- 14.418 
B . Flat roof,' 1.05X14.418=$15.15, 100 sq. ft. of floor. 
C. Pitched roof, exposed beams,' 1.17X14.418=$16.901 sq. ft. of floor. 
1 End wall, prorated. 
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Floor Framing-24' Span 
SYSTEM 1-A.- Longitudinal girder, 8' long 
Material 
1 girder ______ ___ ___ 
Framing anchors ___ 
Nails __ ______ ___ ___ 
Material, 8' 
length. 
Size 
2 2X12-8' ----
--------------
12d ___________ 
Quantity 
32 
2 
.20 
Units Unit price 
BFM ____ $0. 145 
Each _____ 
.111 
Pound_ . __ 
.13 
Floor area=8X24=192 sq. ft. 
Total material, 100 sq. ft. of floor (100/192X4.888) ___ ______ _____ _ 
Labor Man-hour,~ Hourly rate 
C:arpenter ____ __ ----------------------- __ 0. 278 $2. 50 
Labor_--------------------------------- . 137 1. i>O 
Labor, Wlength ______________________ _ 
Total labor, 100 sq. ft. of floor (100/192X0.902) ____________ ___ _ 
Total material and labor ___ _________ ____ _____ __ __ __ ______ _ _ 
SYSTEM l-B.-Longitudinal girder, 8' long 
Material 
1 girder. ___________ 
Framinl!' anchors __ 
Nails ______________ 
Material, 8' 
length . 
Size Ouantity 
2-311 X 10" X 8' 40 
-·---- --------30d ___________ 
. 292 
Units 
BFM ____ 
Each _____ 
Pound ___ 
Floor area=8X24=192 sq. ft. 
Unit price 
$0. 150 
0.111. 
0. 13 
Cost 
$4.640 
. 222 
. 026 
4.888 
2. 545 
Cost 
$0.696 
.206 
.902 
. 470 
3. 015 
Cost 
$6.00 
. 222 
. 038 
6. 260 
'fotal material, 100 sq. ft. of floor area (100/192X6.260)_ _________ 3. 26 
Labor Man-hours Hourly rate 
Carpenter ________________ --------------- 0. 360 $2. 50 
Labor __ _____ ---------------------------- .160 1. fi() 
Labor, R' length ________ ____ ----------------------------------
Total labor, 100 sq. ft. of floor area (100/192X1.14)_ ------ -----
Total material and labor __________________________________ _ 
SYSTEMS 2, 3; 4, AND 5.-Longitudinal girder, 8' long 
Material 
1 girder __ _____ __ ___ 
Framing anchors._ 
Nails ______________ 
Material, 8' 
length. 
Size Ouantify Units 
4 X 10-8'------ 26. f\7 BFM ____ 
------- -- ----
2 Eac·h __ ___ 
12d ___________ 
.117 Pound ___ 
Floor area=8X24=192 sq. ft 
Unit price 
$0. 155 
.111 
.13 
Cost 
$0.90 
. 24 
1.14 
. 594 
3.854 
Cost 
$4. 130 
.222 
.015 
4.367 
'fotal material, 100 sq. ft. of floor (1()!)!192X4.367)_______________ 2.28 
Labor Man-hours Hourly rate 
Carpenter __ ______ ---_-_-_--------------- 0. 232 $2.50 
Labor- ____ -----------.-----------------· . 115 1. 50 
Labor, 8' length ____________ __ -----------
'l'otallahor, 100 sq. ft. of floor area (100/192X0.752) __________ _ 
Total material and labor ___ _____________________________ __ _ 
SYSTEMS 1-A, 1-B, 2, 3, 4, AND 5.- Joists- 2' o. c. spanning 12' 
Material Size nuantity Units Unit price 
2 joists ____________ _ 2x 10-14'----- 46.67 BFM ____ $0. 14'> 
Nails ______ __ ·--- -- 12d ___________ 
. 2 Pound ___ .13 
Material, 2' bay_ 
-----·--------
Floor area= 24X2=48 sq. ft. 
Total material, 100 sq. ft. of floor area (100/48X6.796L --- ------
Cost 
$0.580 
. 172 
. 752 
- ~92 
2. 672 
Cost 
$6.77 
. 026 
6. 796 
14. 17 
SYSTEMS 1-A, 1- 8, 2, 3, 4, AND5.- Joists- 2' o. c. spanning 12'- Con. 
Labor Man-hours Hourly rate Co.,t 
Carpenter ____________ ___ ___________ ____ _ 
Labor ________________ ----------- --------
Labor, 2' bay ____ _____________________ _ 
0.406 
. 201 
$2. 50 
1.50 
Total labor, 100 sq. ft. of floor area (100/48XUl16) ___________ _ 
Total material and labor ___________________ --------------
51. 015 
. 301 
1. 316 
2. 740 
16. 91 
SYSTEMS 1-A, 1- B, 2, 3, 4, 5, AND &.- Perimeter wall header (2" x 10' 
header, 4'' batt edge insulation, sill plate, and asbestos-cement strip) 
Material Size Quantity Units Unit price Cost 
Header___________ _ 2 x 10-128' ~- __ 
Sillplate __________ 2x8-128' -----
Batt insulation ____ 4" x 2' x 128' __ _ 
Asbestos-cement 1' x 128' x ~" . 
213.33 } 170. 67 BFM __ _ _ 
256 sq. ft__ ___ _ 
128 Sq.ft_ __ _ 
$0. 145 $55. 68 
. 08 20. 48 
.115 14.72 
board. 
Nails ______________ {~.g:~:::d 1 Pound __ _ . 18 .18 2~~ ___ do ___ _ 
. 13 . 325 
Material, 960 sq. 
ft . 
Floor area=24X40=960 sq. ft. 
Total material, 100 sq. ft. of floor area (100/960X91.385) ______ . __ 
Labor l\1an-hours Hourly rate 
Carpenter ____ ------------ ______________ - 22. 72 $2.50 
Labor _________ ---------- __ -------------- . 96 1. 50 
Labor, 960 sq. ft _____ __ __ __ ___________ _ 
Total labor, 100 sq. ft. of floor area (100/960X58.24) __________ _ 
Total material and labor_ __________________ _____ __________ _ 
ALL SYSTEMS.- Foundation bolds-crawl space and slab 
Material 
Anchor bolts ______ 
Washers ___________ 
Plate _____ ___ ______ 
Material, 960 sq. 
ft. 
Size 
~~II X 18"-----
~~"-- ---- -- ---
3"x3"X~6"-
Quantity Units Unit price 
16 Each _____ $0.234 
16 ___ do ____ .0125 
16 ___ do ____ . 07 
Total material, 100 sq. ft. of floor area (100/96X5.06) ___________ _ 
Labor 
Included in placing of sill plates. 
Man-hours Hourly rate 
91.385 
9. 51 
Cost 
$56.80 
1. 44 
58.24 
6. 06 
15. 57 
Cost 
$3. 74 
. 20 
1.12 
5. 06 
0. 528 
SYSTEMS 6-A AND 6-B.-Longitu~inal girder, 8' long with posts and beams 
4' o. c. 
Material Size Quantity Units Unit price 
1 girder__ ------- ___ 
Framing anchors __ 
Material, 8' 
length. 
3 X 12-8' ------
--------------
24 BFM ____ $0.155 
2 Each ____ _ .111 
Floor area=8X24=192 sq. ft . 
Total material, 100 sq. ft. of floor area (100/192X3.942) _______ __ _ 
Laf.lor Man-hours Hourly rate 
Carpenter _____________ _ --------- _______ _ 0. 216 $2. 50 
Labor ____ ------ __________ _____ __ ---- ___ -
.096 1.50 
Labor, 8' length ______________________ _ 
Total labor, 100 sq. ft . of floor area (100/192XO. 684) ___ . ______ _ 
Total material and labor_ _________________________________ _ 
Cost 
$3.720 
. 222 
3. 942 
2. 054 
Cost 
$0.540 
.144 
.684 
. 356 
2. 410 
SYSTEMS 6-A AND 6-B.- Beam- 4' o. c., spanning 12' 
Material Size Quantity Units Unit price Cost 
2 beams ____ _______ 3 X 12-14'- ---- 84 BFM ____ $0.155 $13. 010 
Nails ______________ 16d ___________ 
. 083 Pound ___ .130 . 011 
Material, 4' bay _ 13.021 
Floor area=4X24=96 sq. ft. 
Total material, 100 sq. ft. of floor area (100/96X13.021) _________ 13.58 
Labor Man-hours Hourly rate 
Carpenter __________________________ ----- 0. 756 $2.50 
Labor __ ------------------------ ----- --- · . 336 1. 50 
Labor, 4' bay ___ ______ ____________ ____ _ 
Total labor, 100 sq. ft. of floor area (100/96X2. 394) ___________ _ 
Total material and labor __________________________________ _ 
Cost 
$1.890 
. 504 
2.394 
2. 495 
16.075 
SYSTEMS 7-A AND 7-B (CASE I AND 11).- Beam- 6' o. c., spanning 12' 
Material Size Qt£antity Units Unit price Cost 
2 beams ___________ 2-2 x 12 x 12'_ 96 BFM ___ _ $0. 145 $13. 92 
Nails ______________ lOd __ ___ _____ _ 
. 39 Pound __ _ .13 . 051 
Material, 6' bay _ 13. 971 
Floor area=6X24=144 sq. ft. 
Total material. 100 sq. ft. of floor area (100/144X13.971) ____________ 9. 69 
Labor Man-hours Hourly rate 
Carpenter __ ___________ _____ ________ ___ -- 0.835 $2.50 
Labor __ --------------------------------- . 413 1. 50 
Labor, 6' bay _________________________ _ 
Total labor, 100 sq. ft. of floor area (100/144X2. 709) __________ _ 
Total material and labor_ _________________________________ _ 
Cost 
$2.090 
. 619 
2. 709 
1.88 
11.57 
SYSTEMS 7-A AND 7-B (CASE II, ONLY).- Joist- 2' o. c., spanning 6' 
Material Size Quantity Units Unit price 
1 joist ___________ --- 2 X 6-6'--- ---- 6. 0 BFM __ __ $0.145 
Framing anchors __ 
-------- - -----
Anchors ._ .111 
Material, per joist. 
Floor area=6X2=12 sq. ft. 
Total material, 100 sq. ft. of floor area (100/12Xl.092) _________ _ _ 
Labor Man-hours Hourly rate 
Carpenter ___ ________ ----·----_: _________ _ 0. 10 $2.50 
Labor __________ ------------------------- . 067 1. 50 
Labor, per joist __ -------- ----------- - --
Totallabor, 100 sq.ft. of floor area (100/12X0.35) _______ ______ _ 
Total material and labor __________________________________ _ 
SYSTEMS 8-A, 8-B, 9-A, AND 9-B.-Beams- 8' o. c., spanning 12' 
Material Size Quantity Units Unit price 
2 beams _____ ______ 4 X 12-12' .- --- 96 BFM ____ $0. 155 
Nails _______ _______ 30d ___________ 
.5 Pound ___ .13 
Material, 8' bay 
Floor area=8X24=192 sq. ft . 
Total material, 100 sq. ft. of floor area (100/192X14.945) ________ _ 
Labor Man-hours Hourly rate 
Carpenter ______________________________ _ 1. 01 $2. 50 
Labor _______ -------------------------- -- . 448 1. 50 
Labor, 8' bay ______________ ___________ _ 
Total labor, 100 sq. ft. of floor area (100/192X3.192)_ ----------
Total material and labor_ ___________________ ·----- ----- --- -
Cost 
$0.87 
.222 
1.092 
9. 10 
Cost 
$0.25 
.10 
.35 
2. 92 
12.02 
Cost 
$14.880 
. 065 
14. 945 
7. 790 
Cost 
$2.52 
.672 
3.192 
1.66 
9. 45 
73 
SYSTEMS 8-A, 8-8, 9--A, AND 9--8.- Joist- 2' o. c., spanning 8' 
Material Size Quantity Units Unit price Cost 
1 joist__ ____________ 2 X 6-8'------- 8. 0 BFM ____ $0. 145 $1.16 
Framing anchors __ 
--------------
2 Anchors __ .111 . 222 
Material, per joist_ 1.382 
Floor area=8X2=16 sq. ft. 
Total material, 100 sq. ft. of floor area(100/16X1.382) ______ ____ __ 8. 65 
Labor Man-hours Hourly rate Cost 
Carpenter __ ----------------------------- $0.10 ________ 2. 50 _____ $0. 25 
Labor _______________ --------- __ ---- ____ _ 
. 067 1. 50 .10 
Labor, per jolsL ----------------------
Totallabor, 100 sq. ft. of floor area (100/16X0.35) ____________ _ 
Total material and labor ______ .----------------------------
Subfloor--24' Span 
. 35 
2. 19 
10. 84 
SYSTEMS 1-A, 1-8, 2, 3, 4, 5, 8-A, 8-8, 9--A, AND 9--8.- Wood subftoor over 
crawl space, W' plywood on joists, 24" o. c. 
Material Size 
Shea thing grade ~" x 4' x 8' __ 
plywood, B D. 
Blocking (100/48)X 2" x 4" x 14' __ 
(9.33). 
Nails.__ ___________ {!!~~~~ ~ ~~~ ~ ~ ~ 
Material, 100 sq. --------------
ft . floor. 
Quantity Units 
105 Sq. fL __ _ 
19.45 BFM ___ _ 
1. 460 }p d 
1. 875 oun --
Unit price Cost 
$0.33 $3 1.650 
. 145 2. 820 
. 13 . 435 
37. 905 
Total material, 100 sq. ft. of floor area _______ ---~-- _____ ------ $3i. 905 
Labor Man-hours Hourly rate 
Carpenter___________ ____ ________________ 2. 5 $2.50 
T otal labor, 100 sq. ft. of floor area __ _ 
Total material and labor ___ ______ __ __________________________ _ 
Cost 
$6.25 
6. 25 
44. 155 
SYSTEMS 6-A, 6-8, 7-A, AND 7-8.- 2" T. & G. wood subfioJJr over craw 
space, beams 4' o. c. and 6' o. c. 
Material 
Wood subflooring __ 
Nails __ ____________ 
Underlayment_ ____ 
Nails ____ __________ 
Material, 100 sq. 
ft. floor. 
Size 
211 X 6"-------
10d, common_ 
~11 X 41 X 81 __ 
4d, finishing __ 
Quantity 
238 
1.43 
105 
0. 56 
Unit.! Unit price Cost 
B FM . . . . $0. 16 $38. 050 
Pound ___ 
. 13 . 186 
Sq.ft_ ___ 
. 09 9. 45 
Pound_ . 14 .078 
47.764 
Total material, 100 sq. ft. of floor area ______ _________________ _ 47.764 
Labor 
Carpenter _- -- ---- -- ---------------------
Labor __ ------ -·-------------·-- - ----- ---
Labor, 100 sq. ft. of floor area _________ _ 
~\-fan-hours Hourly rate 
2. 74 $2.50 
. 642 1. 50 
Total material and labor __ ----------------------- -- ---------
"74 
Co.,t 
$6.850 
. 964 
7. 814 
55.578 
Finish Flooring- 24' Span 
ALL SYSTEMS.- Crawl space- flooring- asphalt tile on wood subftoor 
Material 
Linoleum paste ____ 
Lining felL _______ 
Asphalt tile ________ 
Asphalt emulsion __ 
Material, 100 sq. 
ft. floor . 
Size 
--------------
--------------
~{!"X 12" X 12" _ 
--------------
Quantity 
0. 75 
12 
105 
. 75 
Units Unit price 
GaL ___ __ $1.05.- -
Sq. yd ___ $7.00, 36 
sq. yd. 
Sq.ft__ __ $.18 ____ 
GaL ____ $1.65_- -
Cost 
$0. 787 
2. 340 
18. 900 
1. 240 
23.267 
Total material, 100 sq. ft. of floor area ___________ _______________ $23.267 
Labor 
Tile setter ______________________ --- _____ _ 
Man-hour.! Hourly rate 
1. 7 2. 50 
Cost 
4. 25 
Total labor, 100 sq. ft. of floor area_____________________________ $4.25 
Total material and labor_ ___________________________________ _ 27.517 
ALL SYSTEMS.-Siab-{ftooring- asphalt tile on concrete slab) 
Material Size Quantity Units Unit price Cotst 
Asphalt primer ____ 
--- -----------
0. 6 GaL __ ___ $1.65 $0.990 
Asphalt tile ________ ~11 X 1211 X 12" 105 Sq. ft_ ___ . 18 18. 900 
Asphalt cement_ ___ 
--------------
. 5 GaL ___ __ 1. 65 .825 
Material, 100 sq. ______________ 20. 715 
ft. floor. 
Total material, 100 sq. ft. of floor area ___________________________ $20.715 
Labor Man-hours Hourly rate 
Tile setter_______________________________ 1. 7 $2. 50 
Cost 
$4.25 
Total labor, 100 sq. ft. of floor area_____________________________ $4. 25 
Total material and labor_ ____________________________________ 24.965 
Foundations- 24' Span 
ALL SYSTEMS.- Crawl space 
Item 
Excavation: 
General (27' x 44' x 1'-4") ___ _ 
Stripping 4" topsoil, bull 
dozer and operator. 
Quantity 
58.7 
2. 14 
Unit 
Units price 
Cu.yd ____ $0.68 
Hour. ____ __ 11.00 
Cost, 960 sq. ft. ____________ ________ ------------ _______ _ 
Cost, 100 sq. ft. floor (100/960X63.45) -----------------------
Vapor barrier: 
Material : #55 felt ___________ _ 1 RolL _____ _ 
Labor: Labor _______________ _ . 5 Hour. ____ _ 
Cost, 100 sq. ft . of floor__ __ _ __________ _ 
2. 90 
1. 50 
Total cost, 100 sq. ft. floor ________________ ------------- ___ _ 
Footings: 
See slab construction. 
Cost, 100 lin. ft._ ---------- __ ______ ---------- __ _ ______ _ 
Cost, lin. ft_ ___________________ -------------- _____________ _ 
Trenching: 8" x 18"-------- ---- 4 Cu. yd ___ __ 3. 00 
Cost, lin. ft__ ____________ __ 
Cost 
$39.90 
23.55 
63. 45 
6. 60 
2. 90 
. 75 
3. 65 
10. 25 
94.60 
0. 946 
12.00 
.12 
ALL SYSTEMS-Crawl space-Continued 
Unit 
Item Qualitv Units pr1ce 
Foundation wall: 
Hollow concrete blocks. in 310 Block ______ .3926 
place (3 blocks per lin. ft. 
+10 waste). 
Solid concrete block, in place 80 ____ do ________ .3676 
(1 row, 0.75 blocks per lin. 
ft. +5 waste) . 
Cost, 100 lin. ft. ----------- _ _______ ------------ _______ _ 
Cost, lin. ft ________ _____ --------- ___ --------------- __ --------
Insulation and termite shield: 
Material: 
10" copper-coated paper 100 Lin. ft ____ _ 
shield. 
Fibreboard sheathing, 
sheets%". 
Labor: 
Carpenter ________________ _ 
Labor ___ --.---------------
600 Sq. ft. __ __ _ 
3. 2 Hour ______ _ 
10.3 __ __ do ______ _ 
Cost, 100 lin. ft______ ______ ------------
.1875 
.12 
2. 50 
1.50 
Cost, lin. ft ______________ ______________ ____ ___ ______________ _ 
Rough grading: Bulldozer and 3 Hour_______ 11. 00 
operator. 
Cost, lin. ft _____________ ___ ________ ___________ _ _ ______ _ 
Total cost, lin. ft._---- --------·----------------------------
Pier: 
Footing: 
Excavation-24" x 24" x 
12". 
Concrete in place _________ _ 
Masonry: 
Concrete block, hollow, 8" 
X 8" X 16". 
Concrete block, solid _____ _ 
Termite shield, 12", in place_ 
Total cost, per pier ________ _ 
2 
HI Cu. yd _____ 3.00 
~t _____ do ______ 14. 50 
Block __ ____ 
. 3926 
_ ___ do ____ ___ 
. 3675 
Lin. ft. ___ _ 
. 335 
24' Spon ___ __________ __________ { ~ Sq. ft_ ____ _ Lin. ft_ ___ _ 
Piers ______ _ 
. 1025 
4. 05 
5. 525 
Cost, 100 sq. ft. floor, $644.13 (100/960) __ __________________ ___ _ 
Foundations-24' Span · 
All SYSTEMS.-Siab 
Unit 
Item Quantltv Units price 
Excavation: Stripping 4" top-
soil, bulldozer and operator. 
Slab: 
Material: 
Gravel flll4" _ -------------
Concrete . ___ ------------ __ 
Mesh #10 _________________ _ 
#55 felt . ___________ ________ -
Labor: 
Cement finisher .. _____ __ _ _ 
Labor __ -------------------
Cost, 8' bay_.-----------
0.428 Hour _______ $11.00 
2. 26 } { 2. 00 
2. 26 
Cu. yd. ____ 
13
_ 
00 
184 }sq. et , _____ { . 0275 
202 .029 
3. 10 }Hour------- 2. 50 8. 76 1.50 
------------
Floor area=8X24= 192 sq. ft. 
Cost for 100 sq. ft. floor 
(100/192X70.41) 
297276 0-55--6 
Cost 
121.90 
29.40 
151.30 
1. 513 
18.75 
72. 00 
8.00 
15.45 
114.20 
1.142 
33. 00 
.33 
4. 051 
.50 
2. 417 
1. 57 
.368 
.67 
5. 525 
98.50 
518.00 
27.625 
644. 125 
67-00 
Cost 
$4.70 
4. 52 
29.40 
5. 05 
5.86 
7. 75 
13.13 
70.41 
36.65 
All SYSTEMS-Slab-Continued 
Item Quanl.ity 
Footings: 
Material: 
Forming (from one side 50 
only) 75 percent reusable. 
Concrete (8" x 14"+50 per- 4~ 
cent overrun). 
Labor: 
Carpenter_ ------------ ---- 5. 5 
Labor __ ------------------ - 12. 4 
Cost, 100 lineal ft. _______ 
Cost, lin. ft. _____________ 
Trenching: 24" deep, 18" wide . 11.54 
Cost, lin. ft. ___________________ _ 
Masonry wall: 
4 rows hollow concrete block 310 
in place (3 blocks, lin. ft .+ 
10 waste). 
1 row formed solid block, in 80 
place (0.75 block, lin. ft.+5 
waste). 
Cost, 100 lin. ft. ________ _ 
Cost, lin. ft. ____________ _ 
Insulation and termite shield: 
Material: 
Cellular glass insulation, 2" 200 
thick. 
10" copper-coated sisalkraft. 100 
Labor: 
Carpenter _-- ------------ -- 2. 8 
Labor ._------------------- 7. 3 
Cost, 100 lin. ft. ________ _ 
Cost, lin. ft. ____________ _ 
Rough grading: 
Units 
BFM ______ 
Cu.yd _____ 
}Hour _______ 
----- ---- ---
----------- -
Yard _______ 
Block _____ _ 
do 
Sq. ft. ____ _ 
Lin. ft. ___ _ 
}Hour. ______ _ 
Total fill required ._. _______ _ 
From stripping trench . _____ _ 31.7 l ~ Cu.yd. 
18. 3 Total to purchase _________ _ 
Fill ___________________ _ 
Labor: Bulldozer and opera-
tor. 
Cost, 100lin. ft . _________ _ 
Cost, lin. ft. ____________ __ 
18.3 Cu. yd . ___ _ 
Hour ___ ___ _ 
{ 
Uni 
cost 
. 12 
13.00 
2. 50 
1.50 
$3. 00 
. 3926 
. 6826 
. 38 
.1875 
2. 50 
1.50 
2.00 
11.00 
Total cost, lin. ft. __________ ---- --- -------------------- --
' p· h d { 960 Sq. ft. _____ .367 
24 span: 1tc e -------------- 128 Lin. ft _____ 4. 77 
Cost 100 sq. ft. of floor, 
$962, (100/960). 
Deepened slab under center 
bearing partition: 
Material: Concrete 24" x 16" 
X 40'. 
Labor: Labor ----------------
Cost, 40'length _________ _ 
Cost, lin. ft _____________ _ 
24' ~pan: Flat (add to above) __ 
Cost, 100 sq. ft. of floor, 
$1,020 (100/960). 
4. 29 Cu. yd _____ 13.00 
1. 345 Hour _______ 1.50 
------------
------------
40 Lin. ft. ____ 1.44 
Cost 
6.00 
56.25 
13.75 
18.60 
94.60 
. 94.6 
34. 62 
. 3462 
121.90 
54.60 
176. 50 
1. 765 
76.00 
18.75 
7. 00 
10. 95 
112. 70 
1. 127 
36.60 
22. 00 
58.60 
. 586 
4. 770 
352.00 
610.00 
962.00 
100. 00 
55.80 
2.02 
57. 82 
1.44 
57. 60 
1, 019.60 
106.00 
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APPENDIX A 
Survey of Structural Systems 
To obtain information on the various types of 
structural systems, t.he bibliography compiled in 
the first phase of the study was reviewed and cor-
respondence was conducted with the following: 
Private commercial and educational research 
agencies; federal and state agencies, both domestic 
and foreign; architectural, building, engineering, 
and home improvement publications; professional 
societies and manufacturers organizations; indi-
vidual architects, engineers, builders, contractors, 
and educators whose interest in the small homes 
field had been indicated by one of the previous 
sources. 
Material gathered from the bibliography was 
voluminous and was of primary value in the estab-
lishment of further contacts with individuals. 
Educational, governmental, and private research 
agencies furnished much valuable material in the 
field of properties of materials as well as informa-
tion concerning structural requirements and load-
ings applicable to dwellings. As was expected, 
structural innovations came primarily from indi-
viduals. Homes competitions sponsored by pub-
lications were also an excellent source. Large-
scale builders were the source of some information 
although primarily their interest lay in improving 
labor productivity and purchasing techniques 
rather than in new structural systems. 
Material received from the bibliography and 
from correspondence varied from complete plans 
and details to extremely sketchy information. 
In some cases, a system represented a completely 
integrated structure. Other systems fundamen-
tally involved only one particular element-for 
example, a wall system that was capable of com-
bination with several roof and floor systems. In 
the listing, where collateral elements are not spe-
cific9lly mentioned, it may be assumed that several 
combinations are possible and that they are of 
little structural significance to the basic element. 
Some systems were developed for buildings of a 
temporary nature. For the main part economies 
were effected through the om1sswn of finishing 
materials and conveniences that the average home 
provides. In addition, structural requirements 
were not as stringent as for permanent construc-
tion. Such systems were considered as being 
beyond the scope of this study. 
On the following pages is a list of the struc-
tural systems that were noted in reviewing the 
bibliography. The illustrations included are of 
the nature of schematic sketches and are not in-
tended to be scale drawings. 
Semiskeletonized Construction 
Platform Frame. 1-Ia_ This system is the 
most commonly used wood framing system for 
one~story construction. It is essentially a plat-
form consisting of subfl.ooring over joists support-
ing a stud wall. The wall in turn carries the roof 
and ceiling construction. These assemblies ma.y 
be of any type but are commonly rafters and ceil-
ing joists. 
This system is a derivative of custom and crf:tft 
practices and has been used with the studs, joists, 
rafters and ceiling joists spaced at 12, 16, ap.d 24 
inches on center. The most common,. spacing for 
these members is 16 inches on center. 
Balloon Frame.1- 17-The balloon frame is 
similar to the platform frame with the exception 
that the ceiling joists are supported on a ribband 
board let into the studs. In H~- or 2-story con-
struction, the studs would extend unbroken for the 
· full building height. This system was the first 
successful break from the traditional post and 
lintel system and made possible the rapid expan-
sion of frame construction in this country during 
the late 19th and early 20th centuries. Variations 
in member spacing as in the platform frame range 
from 12 to 24 inches on centers. 
Of these two conventional systems, the platform 
frame is preferred in single story construction and 
*The superior numbers refer to footnotes which have been collected on 
pp. 86 tnrough 88. 
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is easily adapted to n10re. efficient methods of erec-
tion such as tilt-up construction and panelized 
construction.18- 22 In the tilt-up system the wall 
may be framed to any degree desirable on the sub-
flooring and then tilted upward into place where 
it is braced and fastened. In panelized construc-
tion, framing lumber may be precut and the wall 
framed in jigs either on site or off. Usually the 
frame is sheathed and panels are made up in any 
size that may be easily handled with the available 
equipn1ent or manpower. 
Stressed Skin Construction (or Stressed Cover·ing 
Construction). 23 - 35- This system, in theory, is one 
of the most efficient structural systems for walls, 
floors, roofs, or ceilings. At the same time it is 
closely related to conventional construction. It 
has been in use in home construction since the 
5PL I Nt 
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development of a stressed skin plywood panel by 
the Forest Products Laboratory in Madison, Wis. 
Its many advantages have made it extremely 
pop~lar with the prefabrication industry. Ap-
proximately one-half of the prefabricated homes 
built today use stressed skin construction. 
Fundamentally, the system uses panels made of 
framing lumber to which plywood sheets have 
been bonded either by glue-nailing, or under heat 
and pressure. The gluing of this skin causes it 
an? the framing members to act as an integral 
umt and therefore, under loading, the skin is 
stressed. The use of the skin structurally allows 
a reduction in size of framing material and the 
elimination of sheathing and internal' finishinO' 
materials reduces the weight of the constructio~ 
considerably. If it is desirable, the panel may be 
used only as a structural member and any type of 
exterior or interior finish applied. 
T~e chief variations of the stressed skin system 
are 1n the methods of jointing- several of these 
are illustrated on the previous page. 
At one time several prefabricated home manu-
facturers were interested in producin2" and market-
. 0 
1ng stressed skin panels in modular sizes. These 
were to be sold directly or through lumber dealers 
to builders and contractors for use in the construc-
tion of custom-built homes. At this writing no 
such scheme is in operation.36 A distinct possi-
bility exists that such a plan may be carried out 
successfully in the future. In addition, the con-
tinu~d improvement of adhesives makes it equally 
possible that stressed skin panels might be con-
structed on the site or at a local mill without the 
equipment and controlled conditions of a factory 
operation. 
Trussed Wall Systems.- A further variation of 
the frame wall is the trussed wall, in which the 
framing members are placed in a truss pattern, the 
roof loads coming on the wall at the truss panel 
points. Window and door openings must be 
framed between the web members of the truss. 
'NALL SYST[M o 
Known plans for this type of construction have 
used continuous foundation walls.H A logical 
extension of this system suggests supporting the 
trussed wall on pier foundations and carrying the 
floor construction at the panel points of the 
bottom chord.38 
Longitudinal Truss or Girder System.39-At a 
roof slope of 4 in 12 or less, BMS 107 requires that 
rafters be given vertical support at the ridge. It 
further requires that if rafters are not held from 
spreading, either by a tie at the plate line or by a 
collar beam, a vertical support shall be furnished 
at the ridge regardless of slope. The use of flat 
pitches in contemporary architecture creates the 
problem then of furnishing a structural ridge pole 
without losing the advantages of clear-span fram-
ing. One solution to this problem has been to use 
a parallel chord truss running the entire length of 
the building. The horizontal top chord of this 
truss acts as the ridge pole and provides the ver-
tical support for the rafters. In a similar manner, 
this support could be furnished by a built-up, 
plywood box girder. A roof framing system of this 
latter type has been used by the Small Homes 
Council for purposes other than economy. 
tLb:VATION PAI2.ALLU O.lOP..b TIWS) 
Solid Bearing Wall Construction 
Members Vertical.- This system carries the roof 
construction upon exterior walls which are com-
posed of vertical members set with their long 
dimension parallel to the wall. Square-edged 
l-inch boards with exterior battens and interior 
horizontal l-inch ties 40 have been used as well as 
2-inch tongue and groove planking with or without 
reinforcing strips over the interior joints:U-45 Fur-
ther variations of the basic system have consisted 
of staggering the planks as illustrated.46 47 Another 
variation, about which no definite information is 
available, arranged the planks to create a "picket" 
section ~. These variations seem to be 
based upon the desire to increase the moment of 
WALL 
inertia about the longitudinal axis of the wall 
section. This is of some importance since the 
possibility of loading such a section with an axial 
load is remote. 
Members Horizontal.-In some areas, close to 
large timber supplies, economies have been claimed 
for systems in which 4" x 8" tongue and groove 
logs were laid up in log cabin fashion. The logs 
were drilled 4 feet on center and threaded on 
steel rods imbedded in the foundation. 48 The logs 
Yz." q 11 L t !lObS 4'· 0~ O.t.. 
79 
were then drawn tight by nuts on the rods. 
Another system spiked the individual logs to-
gether.49 The resultant walls were solid wood 
with integral exterior and interior finishes and 
insulation. 
Cellular-Core Panels.-Cellular-core panels con-
sist of a resin impregnated paper core to which 
exterior skins have been bonded. The paper core 
may be of two types-the honeycomb or the 
corrugated type. 
The honeycomb core 50 is manufactured by lay-
ing up sheets of phenolic resin impregnated paper 
which have been striped with glue lines on both 
sides. These are laid up so that the glue lines on 
any two faces in contact are staggered. The glue 
is then cured under heat and pressure. The two 
exterior surfaces of the core are then pulled apart 
and the core opens up into many irregularly 
shaped cells. The plywood skins may then be 
bonded to the core with the individual cells run-
ning perpendicularly to the plywood surface. 
Panels of this type are now in production. The 
Chrysler Corp. of Detroit, Mich., holds patents on 
certain machinery and details used in manufac-
turing.51 Panels may be made in any size for 
which structural skins are available and panels 
have been made as large as 24 feet in length with 
metallic skins. For nonmetallic skins a standard 
panel would be considered to be 4' x 8' x 2%". 
One manufacturer has expressed an interest in 
producing such panels in modular sizes, for sale to 
builders, contractors, and lumber dealers. 
The corrugated paper core 52-54 was developed 
by the Forest Products Laboratory. The process 
consists of corrugating phenolic resin impregnated 
paper and laying up these sheets to obtain the 
core. Sheets may be laid up with alternate layers 
having their corrugations at right angles to each 
other or with corrugations parallel and the nodes 
of alternate sheets in contact. In the first case 
the resultant core may be bandsawed into strips 
and bonded to the plywood skins with one-half of 
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the corrugations perpendicular to the skin or the 
faces bonded directly on so that all corrugations 
are parallel to the skin. In the second case, the 
sheets are bandsawed and all the cells placed 
perpendicular to the skin as in the honeycomb-
core. 
Cores of these types have been used in the air-
craft industry and to a small extent by prefabricated 
home manufacturers. Their strength-weight ratio 
is very favorable. For house construction they 
are usually framed on the perimeter to facilitate 
jointing and to create bearing surfaces. Under 
transverse loading the skin is stressed while the 
core carries the shear, acting similarly to a built-up 
girder. 
Skeleton Frame Construction 
In skeleton frame systems, roof and ceiling loads 
are supported by posts while exterior walls serve 
only as curtain walls and to stiffen the house under 
wind loads. 
Post, Beam, and Plank.--:-The post and beam 
system is by far the most used of the skeleton 
frame systems. It has become popular, especially 
in certain geographical regions, as an expression 
of contemporary architecture. In some cases it 
is used quite frankly for an aesthetic effect while 
in other cases it has been used in hopes of achieving 
economies. Suggestions for design are included 
in a National Lumber Manufacturers Association 
pamphlet. 55 
Variations on this basic scheme include the 
following: 
1. Posts 3' o. c. carrying rafters and ceiling 
joists. 56 
2. Posts 4' o. c.; 2-inch roof decking; 2-inch 
tongue and groove planking used as finished floor; 
curtain walls of H~" cement fibreboard surfaced 
on both sidesY 
3. Posts 4' o. c.; curtain walls of 1 inch tongue 
and groove planking fra.med on perimeter to form 
a panel. 58 59 
4. Posts 5' o. c.; pitched roof with structural 
ridge pole running entire length of house, rafters 
.~' o c.6o 
5. Posts 4' o. c.; structural ridgepole; longitu-
dinal ceiling beams. 61 
6. Posts (two 2 x 4's spaced 1 inch apart) 6' 
o. c.; 2" roof decking.62 
7. Posts 8' o. c.; structural ridgepole; longitu-
dinal ceiling beams. 63 64 
8. Posts 10' o. c.; 2-inch plank deck; stud wall. 
construction between posts, studs cut to door 
height. 65 
9. Posts 11' o. c.; 2" x 3" plank laid on edge 
and field glued to form a rigid laminated deck. 
Standard stud wall between posts.66 
10. Posts 12' o. c.; carrying joists, carrying 
l-inch decking. 67 
In cases where the post and beam system was 
used mainly for an architectural effect, it was 
quite common to use a conventional stud wall be-
tween posts. This in effect was equivalent to a 
platform frame wall with studs doubled at regular 
intervals. In the curtain wal] .category, panels of 
1 inch tongue and groove and occasionally of 
cement-fibreboard laminate were used. These 
were built up with insulating board and finish 
materials to meet the specific job requirements. 
Post and Truss System.-Another variation of 
the skeleton frame applicable to pitched roofs is to 
support the roof construction on trusses which are 
carried upon posts at any desired spacing. One 
system of this type supported the trusses at their 
quarter-points on interior posts.68 69 The trusses 
were in effect continuous over the two interior 
supports and overhung the posts so that no support 
in the plane of the exterior wall was required. 
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The curtain wall panels, in fact, could be hung 
from the truss construction. 
Rigid and Semirigid Frame Construction.-In . 
a post and beam system, the lateral stability of 
the bent must be furnished by some other element 
such as an interior partition or the ·end walls of 
the building. A direct lateral force such as wind 
would collapse the post and beam frame without 
this support. In this sense the post and beam 
system is not structurally complete. This type 
of system can be made transversely stable by 
designing the joints to remain rigid. This rigidity 
of a joint is termed the "fixity" of the joint and the 
amount of fixity to a large extent determines the 
efficiency of the system. Theoretically, the surest 
way to achieve rigidity in a joint is through gluing. 
However, this type of construction is plagued by 
the same shortcomings that once had an adverse 
effect upon welding in steel. No method of 
inspection short of testing to failure can determine 
the quality of the joint. For this reason gluing 
processes have remained primarily a factory 
operation where controlled atmospheric condi-
tions and supervision of workmanship will insure 
a more uniform quality of joint. There is some 
evidence to indicate that fi'eld gluing is practical 
and satisfactory and a trend in this direction is 
expected. 
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A rigid system 70 designed by the Pierce Founda-
tion of Raritan, New Jersey, utilized trusses 8' o. c. 
which were constructed using nail-glued plywood 
gusset plates at the heel and peak joints. These 
trusses were supported upon and bolted to wood 
posts. Tests indicated that this method of fixing 
the joint between truss and columns was unsatis-
factory and the system was subsequently called 
a "semirigid" system. In this system the glued 
joints of the truss performed well, and definite 
economies, in material at least, were apparent. 
Curtain walls were stressed skin panels and the 
roof system was plywood sheets to which stiffeners 
(attached purlins) were glue nailed. Several 
ingenious panel jointing systems were used. 
In heavy timber structures, rigid frames are 
aften achieved through the use of ring connector 
patterns at the joints. This requires the use of 
gusset plates at the intersection of columns and 
rafters as illustrated. 
The economies of rigid frames over other types 
of framing seem to be associated with long spans 
and heavy loads. However, one instance was 
noted where economies were claimed for rigid 
frames 8' o. c. spanning 25 feet in a building being 
used as an industrial building. 71 For house con-
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struction, the possibility exists of using exterior 
rather than interior gusset plates. No instance 
was found of this specific type of rigid frame being 
used for dwelling construction although definite 
possibilities exist. 
A similar method that has been used in home 
construction consisted of semirigid frames 4' o. c. 
The horizontal members of these frames consisted 
of two pieces of dimension lumber, spaced by 
blocking, between which the vertical members 
were inserted and fastened by ring connectors. 72 
This elimination of gussets is a desirable feature 
and the efficacy of the jointing arrangement will 
be investigated. 
Another variation consisted of using a vertical 
member composed of three pieces. The center 
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piece of the assembly was cut short to receive the 
single horizontal member and the joint was fixed 
as before. 
One system used a further variation in that the 
completed bent resembled a trussed three-hinged 
arch, either side of which was constructed as a 
rigid element.73 These bents were placed 4' o. c. 
and typical curtain wall construction was used. 
The splayed portion of the exterior walls was 
concealed on the interior by longitudinal shelving 
and the upper portion of the frame was allowed 
to project in to the room. 
All of the previous systems have consisted of 
transverse bents and no rigidity at the base of the 
column had been attempted. A different ap-
proach is used in the patented system of Doane 
~N4Jb 
Agricultural Service, Inc., of St. Louis, Mo. 74 75 
In this system, rigidity at the bottoms of the 8' 
o. c. columns is approached by imbedding the 
columns, supporting them on concrete pads and-
surrounding them on three sides by a concrete 
frost wal1. The bents run longitudinally in the 
plane of the exterior walls, and the horizontal 
members consist of two pieces of dimension lumber 
spiked to the inside of the columns at the eaves 
line where they support the rafters between posts. 
Other horizontal girts stiffen the frame and pro-
vide a nailing surface for the curtain wall con-
struction that fills in between the posts which are 
partially , exposed on the exterior. Transverse 
loads are resisted by bending of the columns as 
vertical cantilevers and an indeterminate amount 
of support from end walls and interior partitions. 
Lintel and Spandrel Girder System.-Tbis sys-
tem, developed by the Pierce Foundation/6 i 7 
carries the basic idea of the Doane System one step 
further. The system consists of posts spaced 12' 
o. c. between which-in the plane of the exterior 
walls-a lintel girder carries the roof construction, 
and a spandrel girder carries the floor construction. 
Between these girders an open band is left in the 
wall construction which may be filled with non-
structural panels or windows in any combination 
desired. The girders are constructed of plywood 
glued to a structural frame to form a "box" sec-
tion. The top framing member of the spandreJ 
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girder and the bottom framing member of the 
lintel girder form a continuous sill for windows. 
The plywood web of the girder is stiffened 24" o. c. 
by vertical framing members. 
The systern is semi-rigid in the sense that an 
attempt has been made to fix the bottom of the 
post, and the floor to spandrel girder joint has been 
designed to cause the girders to act as short up-
right .. cantilevers under transverse loads. • 
The possibility of constructing rigid frames by 
lamination is definite and is frequently used in 
commercial and decorative applications.78 - 83 How-
ever, lamination is primarily a factory operation 
and as such does not presently offer any economies 
for dwelling construction. 
Network Systems 
Lamella.-A roof framing system currently in 
use in England for dwelling construction is the 
lamella roof.84 This system was developed in 
Germany in 1923 and has been used in this country 
for long span buildings. It is essentially an arch-
. work composed of many short pieces of wood 
bolted together in a diamond shaped pattern. A 
segment of the network is illustrated here. 
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The arch may take ·any form but m_ust be tied 
or buttressed to take the thrust. The individual 
lamellas are all of the same size and shape and 
vary only with the profile of the arch. In England 
the lamellas are mass produced, being precut and 
predrilled for speedy erection. This roof system 
claims to be highly fire resistant and to show 
economies of 5 to 25 percent over other roofing 
systems. Further discussion of this system ap-
pears in the section on clear-span framing for 
0~-story dwellings. 
Le Ricolais.-During the spring semester of 
1951, Robert Le Ricolais, a prominent French 
engineer, presented a system of network framing 
as a graduate course in architectural engineering 
at the University of Illinois. This system was 
three dimensional. In its simplest form it used 
the tetrahedron as the basic unit. As in the 
lamella system, emphasis was on the use of many 
pieces of small cross section and short length. 
Joining was accomplished through the use of U 
bolts and erection was speedy. The connection 
system was later revised to reduce eccentricity in 
the joints. This system has been used in France 
for farm and commercial buildings employing a 
flat or slightly pitched roof. 85 However, the depth 
of the construction and the complexity of the 
analysis in its present state virtually rule out its 
use in home construction. 
Fuller.-Another triangulated system, similar 
to lamella construction, has been developed by 
Buckminster Fuller for the enclosure of hemi-
spherical domes of space. An extremely high 
structural efficiency and strength to weight ratio 
is claimed. In its present state the system is too 
unconventional in form to be applicable to home 
construction. 
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Holoplast. - The most practical of all the net-
work systems appears to be that proposed by 
Holoplast, Ltd.; 86 an English firm manufacturing 
structural, plastic, wall panels. This flat roofed, 
wood framing system was developed to speed erec-
tion of the company's panel system. It consisted 
of two parallel planes of roof framing members. 
Members in these planes were placed perpendicu-
larly to each other. This framing system was 
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supported by four corner columns which were held 
back from the plane of the exterior walls. This 
allowed rapid insertion of the panels in the entire 
exterior wall space. The panels, once in place: 
supported the roof construction on all four edges 
causing it to act as a diaphragm. Due to the 
complexity of the structural analysis, the Holo-
plast Co. built and tested a full scale system 
30' x 30' The latest communication from that 
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company indicates that these tests were not com-
pletely satisfactory and that some redesign of de-
tails will be necessary. This system seems prac-
tical from an architectural point of view since it 
holds the depth of the roof construction to approx-
imately 12 inches. From the structural point of 
view the system is interesting since it is an attempt 
to reproduce the economies of the two-way slab in 
wood. The main deterrent appears to be that 
such a system is likely to develop its potential 
strength only through large deflections. It does 
appear to be the most promising of the network or 
grid systems .for residential framing. 
Miscellaneous Systems 
Constructions that do not fit logically into the 
above categories are listed below: 
In 1942 a system of stressed skin construction 
was patented by Leon H. Wittner. The panels 
used in this method differed from the previously 
mentioned stressed skin panels in that two iden-
tical frames and skins were constructed and these 
two parts glued together with a third sheet of ply-
wood between them. In addition, horizontal 
framing members were used so that the panel be-
came a series of rectangular cells. The main ad-
vantage to this method seems to be in the improve-
ment of the insulative value since the extra sheet 
of plywood was placed so as to be valueless under 
transverse loadings. 
Several systems of construction were noted that 
required that the house, in plan, be a circle or a 
combination of circles. No evidence could be 
found of these systems being employed for more 
than a few houses, and the extrmnely low accepta-
bility of the circular plan placed these systems 
beyond the scope of this study. 
Various roof framing systems have been devised 
from time to time based on arched or vaulted con-
struction. These systems, too, were believed to 
be unacceptable from an appearance point of view 
and were not investigated. 
Footnotes 
The following references are included for the 
convenience of those who wish further informa-
tion about a specific system or some variation of 
it. w·here information was received from an 
individual rather than from a published source, 
that individual's name and address has been 
given. 
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APPENDIX B 
Structural Considerations 
The data in this Section supplements that pre-
sented in the body of the report relative to struc-
tural analysis and design and sets forth the reasons 
for decisions made and methods used in the com-
parative evaluation of the various systems. 
Design Loads 
The sources consulted were in general agreen1ent 
on recommended uniform floor and roof loads. 
The lowest recommended floor load noted was that 
proposed by a British code-30 p. s. f. Concen-
trated or localized load requirements were also of 
the same general magnitude, differing principally 
in the specified manner of application. Much 
more variance was noted in wind loadings on both 
walls and roofs, the more recent codes placing 
more emphasis on uplift due to suction and load-
ings caused by combined pressure and suction. 
One code consulted was considered to be superior 
to the others. This code was included in Bulletin 
No. 1 of the Commonwealth Experimental Build-
ing Station of Australia and was entitled, The 
Structural Sufficiency of Domestic Buildings. It 
was considered superior because of its complete-
ness. Many points and problems were discussed 
which are usually ignored or touched only lightly 
by the majority of codes. 
This code develops, step by step, a rational 
approach to the recommendation of design loads. 
Its most unique point is that the unit design 
load is influenced by the span and spacing of the 
structural members since the maximum loads in 
residential construction are closely associated with 
limited areas. For example, a group of people 
gathered around a piano. 
Also included are excellent discussions on the 
distribution of concentrated loads and the influence 
of time on deflection. Both of these subjects are 
discussed later in this report. It is important to 
point out now that the other codes consulted gave 
no indication as to whether design floor loads are 
to be considered as long time, short time or quick 
loads. It would obviously be very desirable for 
the engineer to have more detailed information 
concerning the assumptions and methods involved 
in the code under which he works in order that he 
might more intelligently meet the problems of 
structural analysis. 
After careful study of the various codes, the 
following were chosen as a basis for the structural 
analyses to be performed: 
1. 1947 Performance Standards, Housing and 
Home Finance Agency. 
2. Building Code Requirements for New Dwelling 
Construction-BNIS 107, United States Depart-
ment of Commerce. 
The first of these was used in determining the 
majority of the design loads. The second was 
used for design wind loads since its provisions were 
considered to be slightly more detailed than those 
of the first source. The excellent design proce-
dures for wind given in Strength of Houses-EMS 
109 were studied, but the method was discarded 
as excessively complex because of the volume of 
calculations necessary for this study. 
Wood--The Material.-This investigation was 
concerned exclusively with structural fr1.ming 
using wood as the material. Light metal, con-
crete, or other framing materials were not investi-
gated. Mineral, metallic, and concrete products 
were considered as decking, sheathing or finish 
materials. 
Wood, a crop, is a vital national resource. 
While reviewing the methods of framing used in 
other · countries, it became apparent that the 
limited lumber resources of some countries· 
seriously hamper their efforts toward more 
economical building. The efficient use of wood as 
a structural material is important not only as a 
means of reducing building costs, but also as a 
means of conserving an important national asset. 
So long as a plentiful supply maintains the 
economy of this material, it is difficult to foresee 
any decrease in its use in residential construction 
in this country. Chief among its advantages are 
a high strength-to-weight ratio, relative economy, 
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and the ease with which it can be cut, drilled, 
worked and nailed. 
The disadvantages of wood are as well known as 
the advantages. Among the disadvantages are 
the natural defects that limit its strength and 
usefulness, its dimensional instability (warp, cup, 
and twist), and the hazard of decay or deteriora-
tion if impropedy used under unfavorable con-
ditions. 
Stress Grading 
All structural calculations, regardless of the 
material involved, are based on the assumption 
that material of the specified strength will be used 
in the execution of the designs. Without this 
condition, structural calculations are meaningless. 
Variations in strength exist in all material-
concrete may be weakened by stratification of the 
aggregate, metal may be weakened by stress 
concentrations inherent in minute flaws. The 
degree to which these and many other factors 
affect the validity of the engineers' assumptions i.s 
problematical. The only solution is to exercise 
the greatest supervision and control over the 
materials that is economically feasible and to allow 
the remaining imperfections to be absorbed by the 
extremely vague term, "the factor of safety." 
Wood has the reputation among some engi11eers 
of being a treacherous mat~rial-among authorities 
on wood this is attributed to an imperfect under-
standing of the limitations of the material. The 
work on this project has verified this last state-
ment but with one important reservation. A 
complete understanding of all the factors that 
influence the variations in the strength of wood is 
not easily attained, and in some cases, differences 
between the basic principles of stress. grading and 
their commercial application make design impos-
sible in the commercial grades ordinarily used for 
house framing. The discussion that. follows will 
clarify and amplify this statement. 
As noted, the specified material for this project 
was the 1,100 p. s. i. stress grade. This grade is 
available in both Southern Pine 1 and Coastal 
Region Douglas Fir 2 and is equivalent to the No. 
2 grade stocked as yard lumber when grade marked 
as follows: 
Douglas Fir (C. R.) ____ "No. 2" or "1100." 
Southern Pine _________ "No.2" or "No. 2-1100f." 
1 1948 Standard Grading Rules for Southern Pine Lumber, Southern Pine 
Inspection Bureau (SPIB). 
2 #14 Standard Grading and Dressing Rules, West Coast Lumbermens 
Association (WCLA). 
Note carefully the following limitations: 
1. Lumber of equivalent grade may not be 
stamped- marking is an option of the buyer. 
2. In Southern Pine, the 1,100 p. s. i. grade is 
limited to 2-inch thicknesses. 
3. In Douglas Fir (C. R.), this grade does not 
apply to 2 x 4's but does apply to members 2" to 
4" in thickness and 6" and wider. 
4. In Douglas Fir (C. R.), the 1,100 p. s. i. 
grade is graded as a joist and plank grade and the 
allowable stress in bending applies only to the 
central third of the member length and not at all 
to tensile stresses. 
Douglas Fir (C. R.) 2 x 4's are graded under the 
classification, "Studding, Blocking and Small 
Posts," 3 with the exception that bending stresses 
for 2 x 4's have been established in the 1,900 and 
2,150 p. s. i. grades. Under this classification, 
(studding) No.2, 2 x 4's qualify only for an allow-
able compressive strength (parallel to the grain) 
of 660 p. s. i. at an Lfd of 10 or less. In other 
sizes of grade No. 2, the usefulness of the piece 
is seriously limited by the provisions mentioned in 
Limitation 4 above. 
On the other hand, 2 x 4's are available in the 
1,100 p. s. i. grade in Southern Pine (as they are 
in the 1,450 p. s. i. grade), and this allowable stress 
is applicable to the full length of the piece and 
may be used in either bending or tension. This 
appears to be a decided advantage and a realistic 
approach to the construction methods used in 
residential building. 
The grading of lumber to an allowable stress 
over the center third of its length has many rami-
fications when viewed in relation to residential 
framing. Headers and lintels ar_e usually shorter 
than the shortest standard length- they must be 
sawed from longer pieces and hence no working 
stress is available for design. Cantilevers and 
overhangs will produce maximum moments that 
will be well beyond the central third of the mem-
ber. ; Residential construction must support con-
centrated loads, during both erection and occu-
pancy. Performance codes recognize this need 
and specify such loadings. While the maximum 
moment may be produced by placing such a load 
at the center of the span, a more critical stress 
may be produced by placing the load outside of 
the central third. Whether such a stress is more 
critical cannot be judged since there is no allow-
able stress against which to compare it. 
a Ibid., pp. 45 and 51. 
In addition to these points, continuity over 
two or more spans would require that greater 
fractions of the member length be limited to the 
defects that establish the grade. Such continuity 
is not unusual in residential construction whether 
it is intended or not. A pair of rafters tied at the 
plate line and braced at some other point by a 
collar beam or a crippled stud wall is a common 
example of such an instance. Under certain con-
ditions it may be advantageous for the contractor 
to use joists continuous over a center support or 
to buy long lengths and cut them for separate 
uses. The architect or engineer has little control 
over situations like these and may not be aware 
that any hazard is involved. Certainly, it is not 
to be expected that the average contractor or 
builder is aware of the problem. It would appear 
that the original concept of simple span and uni-
form load, which is the basis for grading rules such 
as these, places an additional hazard on all con-
struction and seriously limits the use of any struc-
tural form more advanced than the :mple beam. 
The second point of difficulty is the lack of 
working stresses in bending for Douglas Fir 
(C. R.) 2 x 4's. While the knot limitations for 
the No. 2 blocking and studding grades do vary 
from those that would be required to qualify for 
a 1,100 p. s. i. grade in bending, the most signifi-
cant difference appears to be the lack of a slope 
of grain limitation in the studding and blocking 
grades. Without a limitation of this type, there 
can be no assurance of the members' behavior 
under bending. Slope of grain also affects the 
strength ratio and hence the allowable stress in 
·compression parallel to the grain, although not 
to the extent that it affects bending stresses. 
For a full explanation of its influence, see the 
Wood Handbook, Forest Products Laboratory, p. 
109. 
In the investigation of this problem, several 
other factors were noted that should be reported 
for a full understanding of the problem. No. 2 
Douglas Fir (C. R.) 2 x 4's are allowed as ceiling 
joists and rafters by the Federal Housing Adminis-
tration (FHA) and safe spans are specified.4 
These tables have been calculated on the basis of 
allowable stresses for the Nos. 1 and 2 grades 
established by the Forest Products Laboratory 
at Madison, Wisconsin. These stresses were used 
on the assumption that other essentials of stress 
grading (in addition to the limitations on knots 
' Tables of Maximum All.owable Spans, 19ii0, FHA. 
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listed in the appropriate grading rules) would be 
observed. 5 
It was also noted that the "Table of Working -
Stresses" 6 lists values of 850 and 500 p. s. i. as 
allowable stresses for Nos. 1 and 2 studding and 
blocking grades respectively. Values for this 
classification are recorded for sizes of 2 x 6's 
through 2 x 10's. These values are in error since 
members of these sizes are not graded as studding 
and blocking grades. Such members bearing the 
mill stamp "No. 1" or "No. 2" qualify for the 
1,450 and 1,100 p. s. i. grades respectively. The 
working stress, 500 p. s. i. for the No. 2 grade, is 
not recommended by the Forest Products Labo-
-ratory for use in the design of trusses. This de-
cision is based on the lack of multiple knot limi-
tations in this grade and the resulting possibility 
of failures in the tension members. 
Very little information is available on the testing 
of trusses utilizing D. F·. 2 x 4's. During the 
course of this project, two series of tests were 
performed on the Small Homes Council's W Truss. 
The first of these was a test to destruction of five 
of these trusses spanning 25 feet. Failure was at 
128 p. s. f. Design load was 20 p. s. f. All mem-
bers were 2 x 4's and by inspection were Douglas 
Fir "No. 2 and better" with a preponderance of 
No. 1. The members did not bear a grade stamp. 
No selection of material or unusual care in fabri-
cation was exercised. 
In a second series of tests, two identical trusses 
were subjected to a long-term load of 20 p. s. f. At 
this writing these trusses have been loaded for a 
total of 6 months; the longest consecutive loading 
has been 4 months. The only other test data 
available reported on tests which were conducted 
at the Pierce Foundation. Here again the mem-
bers were of yard grade without special selection. 
Stresses were recorded that approached the basic 
stress for clear wood 7 and no failure in the mem-
bers was noted. 
On the· basis of this general information, an 
effort was made to locate more complete data on 
the magnitude of the ultimate stresses that might 
be expected of D. F. 2 x 4's in bending. The most 
complete data were found in BMS 25 8 which de-
scribed tests performed on unsheathed, unfinished 
stud walls utilizing No.1 D. F. 2 x 4's 16" o. c. As 
part of the testing procedure, three panels of three 
studs each were loaded in transverse bending. 
~Ibid., p. III. 
G Ibid., p. VI and VIII. 
7 Design and Test of a£!,' Glued Wood Truss, John B. Pierce Foundation, 
Figure V. 
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The average load carried at failure was 182 p. s. f.; 
the least load carried was 159 p. s. f. While the 
data of EMS 25 establishes that these studs were 
not graded under the present rules, it is assumed 
that they were approximately the same grade as the 
present No. 1 studding and blocking grade. On 
this basis, an allowable stress of 850 p. s. i. was 
assumed. The least load at failure would result 
in theoretical stresses as calculated below: 
Wper stud=(1.33) (7.5) (159)=1,580 lbs. 
M=(1,580) (90)=17,700 p. s. i. 
-8-
f=17,700=4,970 p. s. i. = Modulus of Rupture 
3.56 
Following the method used in R-1780 9 of the 
Forest Products Laboratory, this theoretical stress 
may be compared with the allowable stress as 
follows: 
(850) (16)=1,510 p. s. i. allowable stress under 
(9) 
5-minute loading 
4,970=3.29- a factor 
1,510 
This factor is similar to the "apparent factor of 
safety" described by Wood. It excludes the in-
fluences of service versus design loads and work-
manship. It is interesting to note that this fac-
tor is very nearly twice any of the factors reported 
by Wood in his statistical study of structural tim-
bers. The EMS 25 tests, totaling 9 studs, do not, 
of course, consist of enough individual tests to 
allow definite conclusions to be drawn. 
If because of the limited number of samples 
involved, the value 4,970 p. s. i. is considered to be 
an a~erage value rather than a least value, a 
substantial margin over those factors reported is 
still shown. This data would indicate the possi-
bility that members purchased in the blocking 
and studding grade do, on the average, exceed the 
strength indicated by the rules under which they 
are graded. This would, in part, account for the 
satisfactory performance of the many construc-
tions which have been buiit utilizing this grade in 
truss construction. Further investigation of this 
point is beyond the scope of this project but it is 
strongly recommended that the strength variation 
of this grade be investigated on the same scale as 
those reported in R-1780. 
s Report BMS-£6, 1939, National Bureau of Standards, pp. 4-6. 
9 Wood, Lyman W., Variation of Strength Propertie& in Woods Used for 
Structural Purposes, 1950, Forest Products Laborg,tory, pp. 9, 10, and table 2. 
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It is considered important that this lengthy 
discussion be included because of the basic impor-
tance of stress grading. Due to the complexity of 
the factors involved, it is obvious that no clear and 
simple solution exists and that any structural design 
attempted must be tempered by the exercise of judg-
ment and cannot be absolutely free from the element 
of opinion. Grading rules are formulated by 
associations of mills and in general follow the 
recommendations of the basic research performed 
by such agencies as the Forest Products Labora-
tory. Some discrepancies between theoretical and 
commercial grading rules do exist in such areas as 
the limitation of decay and the assumed level of 
normal loading. While it may provide a perfect 
solution, it is not practical to recommend that 
grading rules be changed. In response to inquiries 
concerning the reasons that the WCLA grading 
rules do not provide for the 1,450 p . s. i. and 1,100 
p. s. i. grades of 2 x 4's, a representative of that 
organization has indicated tha.t the primary reason 
is a lack of demand. Demand is, of course, based 
on need, and need will be established by recogni-
tion of the problems involved in the present 
grading rules . 
There is every indication that these problems 
are not generally recognized by architects and 
engineers working in residential construction and 
certainly not by contractors and builders. It 
appears that a program of education among these 
groups is the surest way of establishing the de-
mands that will result in the long range improve-
ment of the situation. It has been suggested by 
some that there is no actual physical difference 
between the grading of Southern Pine and Douglas 
Fir. There is no means of judging the validity of 
this opinion. In any case, it does not appear de-
sirable for the architect, engineer, or builder to 
assume responsibility for a material over which 
he has . no control. These problems are vital to 
the home building and lumber manufacturing 
industries. 
Precautions if Yard Grade Lumber Is Used.-In 
light of the previous discussion, the following pre-
cautions would be necessary in executing the de-
signs presented in chapter 5 if yard grades of 
lumber were used. 
FoR DouGLAS FIR (0. R.): 10 
1. Selection of 2 x 4's from the yttrd grades for 
qualification at the 1,100 p. s. i. level. 
10 "Selectbn Guide", p. 93. 
2. Selection of members in all sizes where the 
member is not a simple beam. 
3. Further selection of all members used as 
tension members. 
FoR SouTHERN PINE: 
1. Recheck of compression members or members 
subjected to compression and bending. 
2. Recheck of horizontal shear (not usually 
critical for spans and loads in residential 
construction; exception-floor girders and 
beams). 
3. Use of superior stress grade for members 3 
inches and thicker. (Not available in 1,100 
and 1,450 p. s. i. grade.) 
SELECTION GUIDE-COASTAL REGION DOeGLAS 
FIR 
All2" x 4" members-Apply limitations throughout mem-
ber length: Maximum 
allowable 
Location: knots (inches) 
Edge of 4" face _____ ______ ____ _______ ___ ____ 1K 
Center line of 4" face _______ __ _____ _____ _____ 1% 
Slope of grain not 
greater than 
1" in 8". 
2'' face ____ ____ _____________ ____ _______ ____ _ 
Two knots of maximum allowable size should not 
occur within the same 6" of length of any face. The 
sum of the sizes of knots in any 6'' of length should 
not exceed twice the maximum allowable knot. 
All other members: Apply the appropriate grading limita-
tions of Standard Grading and Dressing Rules #14, W. C. 
L. A., throughout the length of the member. 
The above information is provided as an aid in 
the selection of members from the Nos. 1 and 2 
grades of Coastal Region Douglas Fir for specific 
uses. It is not intended to provide complete in-
formation for stress grading. For more in-
formation on measurement of knots and slope of 
grain, see Wood Handbook, Forest Products Labo-
ratory. 
It may be seen that the selected stresses are in 
a sense artificial since they do not apply to all 
sizes and to the same extent in both species. As 
such, they represent a compromise that is neces-
sary in light of the complications discussed. 
Duration of Load an Uncertain Factor 
The effect of time is allowed for in the following 
manner when establishing working stresses. The 
average modulus of rupture of clear, green speci-
mens of wood is adjusted by multiplication by the 
factor ~{s. 11 This value has been established by 
u Wood Handbook, Forest Products Laboratory, p. 106. 
the Forest. Products Laboratory and in combina-
tion with several other factors results in the "basic 
stress" of the species. This stress is further e-I: 
duced by a "strength factor" which is established 
by the allowable defects in the specific ·grade. 
The result is the long-time working stress. This 
reduction of allowable stress to ~{s of the short-
term value is equivalent to saying that 7{ 6 of a 
load, that will cause failure in 5 minutes, will re-
sult in failure if sustained for sufficient time. The 
amount of time that would be required to cause 
failure under these conditions might be estimated 
at 50 to 75 years. 12 The relation between dura-
tion of load and strength has been expressed as a 
hyperbolic curve, the equation of which may be 
found in the publication mentioned in footnote 12. 
In considering the effect of duration of load, it 
should be noted that the time period in question 
need not be consecutive. It may be assumed that 
the cumulative effect of repeated loadings is less 
than the effect of continuous loading; however, 
with the lack of more definite information, the 
effects of the two loadings are considered the same. 
In this manner, the duration of the service loads 
on the structure enters into the structural analysis. 
It is in this facet of structural analysis that another 
difficulty exists. 
The allowable stresses published in the National 
Design Specifications for Stress Grade Lumber are 
based on a "normal loading level" of 110 percent 
of the long-term allowable stress that might be 
computed from the basic data established by the 
Forest Products Laboratory. This 110-percent 
level is equivalent to the assumption of a full load 
for a duration of 10 years or of 90 percent of the 
full load for the life of the building. Since both 
of these assumptions appeared to be high, a check 
was made to ascertain the suitability of the 110 
percent loading level for residential construction. 
In an effort to estimate the true duration of 
floor loads, the effect of time on deflection was 
investigated. Under quick loading a beam will 
deflect in proportion to the load applied. This 
deformation is elastic in nature and immediate 
recovery would be expected upon removal of the 
load. If the load were maintained, additional 
deflection would occur and this would be plastic 
in nature. Removal of the load after plastic 
deformation had occurred would result in an 
initial recovery of some of this deformation and 
u Wood, Lyman W ., Relation to Strength of Wood to Duration of Load, 1951 
Forest Products Laboratory, fig. 4. 
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long-time recovery of an additional amount. The 
two prime factors in this behavior of wood are 
the level of stress imposed and time. An increase 
in deflection under continued loading is to be 
expected and is safe so long as the rate is decreas-
ing; an increasing rate is an indication of imminent 
failure. 
Certain authorities in fields other than residen-
tial construction recognize the influence of time 
on deflection in their design procedures by the 
use of a modulus of elasticity of half the published 
value. 13 This recommendation is not made by 
the National Design Specifications but the publica-
tion does not note that under continued loading 01 
a permanent set about equal to the original 
deflection may be expected. The Wood Handbook 
mentions doubling the dead load although not 
the live load when computing deflection. Each 
of these is a separate approach to the problem 
and none is specifically applicable to residential 
construction since the duration of live load is in 
question. 
If a joist is designed by the usual method-
that is, with allowable stresses at the 110 percent 
level and using the full modulus of elasticity- an 
inconsistency in the design results. Under the 
conditions of loading inherent in the workin<Y 
stresses, present data would indicate that th: 
modulus of elasticity should be reduced, perhaps 
to one-half of the published value. This is 
rarely, if ever, done in calculations for residential 
construction. Tables of joist sizes and spans 
calculated by · the usual methods long have been 
used by architects, builders and contractors and 
their continuing popularity would indicate that 
they have, in general, not resulted in excessive 
sag or deflection. This fact is taken as a criterion 
of the duration of floor loads in residential con-
struction. The design live load of 40 p. s. f. does 
not appear excessive and assuming the validity 
of this value, the satisfactory performance of 
rnembers designed by the usual method is an 
indication that the true duration of desio-n loads 
is less than the 1 0-year duration :ssumed. 
Designs based on the full modulus of elasticity 
might be assumed to be applicable up to durations 
of load of one year or perhaps less. 
With this basic assumption as to the duration 
of residential live loads, the following calculations 
were performed: 
u American Railway Engineering Association . 
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Floor Joists: 
Live Load=40 p. s. f. 
Permanent Loads 
15 p. s. f.-Furnishings H 
10 p. s. f.-Dead loads 
25 p. s. f. 
No increase in stress 
Dead Load= 10 p. s. f. 
Temporary Live Load 
40 p. s. f. 
-15 p. s. f. 
25 p. s. f. 
1 year duration-20 percent increase in stress 
Equivalent Long Time Load: 
25 p. s. f. 
20.8 p. s. f.- (5/6X25) Reduction of load for duration 
of 1 year. 
45.8 p. s. f. 
50 
45.8 
= 1.09 or 10.9 percent loading level 
On the basis of this rough calculation, then, the 
110 percent normal loading level specified by the 
National Design Specifications does appear to be 
applicable to residential construction when viewed 
in relation to the relative durations of the com-
ponents that comprise the total design load. The 
practice of computing deflection using the full 
modulus of elasticity, although inconsistent with 
the duration of loads, also appears to be adequate. 
A more refined procedure is not justified since it 
would far exceed the accuracy of the eriterion for 
determining allowable deflections. 
Deflection of structural members in residential 
construction is important since uncomfortable 
deflection of floors, cracking of finish materials or 
visible sag or bending in any member may' be 
taken as failure of construction. The importance 
of deflection is reflected in the requirements of 
residential codes .and standards. Various stand-
ards of judging the amount of deflection that may 
be toler a ted have been used. Some of these are 
listed below: 
1. L/150-L/180 = Limitation for visible sag. 
2. L/240 =Limitation for protection of fin-
ishes other than plast er . 
3. L/360 =Limitation for protection of 
plaster. 
Where L = Span in inches. 
14 Strength of Houses, 1948, National Bureau of Standards, p . 5. 
Until recently these standards have been ac-
cepted and used without question. It is fairly 
certain that all were formulated without verifica-
tion by any tests other than experience. As rules 
of thumb they have served their purpose. The 
limitation L/360 has recently been subjected to 
considerable investigation as a measure for the 
prevention of plaster cracking. One study was 
conducted by the Armour Research Foundation 
and one by the Forest Products Laboratory. Both 
of these indicated that very considerable errors on 
both sides of the standard, L/360, were possible 
and the Armour study, being more general, indi-
cated that the method of attachment of the lath 
to the structural construction was of prime import-
ance. The basic premise that deflection is a 
measure of strain in the plaster (plaster is a brittle 
material and strain is the criterion for failure) 
appears invalid. This is especially true when 
applications beyond the simple beam are consid-
ered. In cantilevers, continuous beams, and under 
special loadings, L, the span should be adjusted 
for specific cases since the rule appears to be based 
on the familiar concept of simple beam, uniform 
load. A more direct approach is called for. 
More recently, the Forest Products Laboratory 
has studied L/360 as a measure of comfort for 
floor construction 15-that is, in the prevention of 
vibration, movement of objects, and a feeling of 
insecurity in the occupants. L/360 was found to 
be a satisfactory measure of these factors when 
utilized in connection with a floor load of 40 p. s. f. 
The Australian publication mentioned earlier 16 
reported similar tests that resulted in the 
recommendation of L/600 in combination with 
considerably heavier floor loads. 
The calculation of deflections and the compari-
son with standard allowable deflections appears to 
be the least accurate of the procedures invo]ved in 
structural analysis and much of this inaccuracy is 
attributable to the duration of load factor. 
Other structural elements besides floors are 
subjected to loads of other durations. The Na-
tional Design Specification allows increases in 
allowable stresses of 15 percent for loads of 
2-month's duration (snow) and of 33~ percent for 
loads of several hour's duration (wind). When 
referred to the 1 00-percent level these increases 
would be 25 and 50 percent, respectively. These 
u Rousing Research Paper No. 3(}--De/lection Characteri1tic8 of Re&idential 
Wood Joilt-Floor Sv&tem. For sale by the Superintendent of Documents, 
U. S. Government Printing Office, Washington 25, D . C. Price 40 cents . 
II Isaacs, David V. TM Structural Sufficiencv of Dome&tic Building&, 1946, 
Commonwealth Experimental Building Station, pp. !H2. 
2.97276 0-55- 8 
increases are universally used in the absence of 
more specific data in codes and standards. 
In view of the foregoing discussion, the proposi- . 
tion is advanced that the specification of a load 
magnitude without the specification of duration is 
unsound for wood construction and may result in 
designs that are either uneconomical or unsafe. 
Even the most recent recommendations for design 
.loads do not include this vital factor. It has been 
noted that minimum roof loads are recommended 
in some areas that bear no relation to the maximum 
probable snow load as scientifically determined. 
These are justified as operational loads but it is 
apparent that such loads must be of considerably 
less duration than snow loads. It is equally 
apparent that the duration of snow loads must 
vary widely with geographical areas. Such infor-
mation would be a valuable addition to the snow 
load maps that are used in design. Further, the 
factor generally specified for live load testing 
procedures (2X), bears no apparent relation to the 
load-time curve. This same factor is specified for 
constructions being tested under floor, wind, a:J;ld 
snow loads. The difference in duration of each of 
these loads suggests that some variation in the 
factor is called for. 
It is suggested that, for use in residential 
construction, more data are needed on the prob-
able duration of service loads and that such data 
should be specified in the codes and standards 
that specify the magnitude of the design loads. 
lt is realized that many of the points raised are 
based on the basic differences between simple and 
sufficiently exact methods versus more complex 
and nwre exact methods. With the trend toward 
repetitive building, it is economically feasible to 
justify more complex procedures if basic data are 
available. In any case it is desirable that the 
time factor in residential structural analysis in 
wood be en1phasized for more logical design 
procedures and for a more general awareness of 
the problem. 
Connections and Connectors 
Nails. - Contrary to the idea tbat many carpen-
ters and contractors hold, in the usual framing 
methods, a nailed joint is not a friction joint. 
Ordinary shrinkage will reduce the contact 
between the member faces to the point where it is 
negligible. A nailed joint depends only on the 
mechanical and chemical properties of the nail 
and the wood. 
In an effort to improve the quality of nailed 
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joints, special nails have been devised and are 
available though not widely used in framing. 
These include annularly grooved, spirally grooved, 
etched, and coated nails. The first three of these 
derive an advantage from an improved mechanical 
bond between the wood fibers and the nail shaft. 
Of these three, the last is the least effective and 
the spirally grooved is the most effective when the 
pitch of the thread is correctly proportioned. 
The coated nail derives its advantage from the 
prevention of the chemical action that deterio-
rates moist wood fibers and hence lom::ens their 
grip on the nail. 
Considerable work has been done by Dr. E. G. 
Stern of the Virginia Polytechnic Institute at 
Blacksburg, Va., in evaluating the efficiency of 
these special nails. These studies have not as yet 
resulted in an allowable increase in nail value for 
nails of this type. Until such time as recom-
mended working values for these naHs are pub-
lished, no estimate of their economic efficiency 
c~n be n1ade. In the meantime, additional 
strength may be expected from construction where 
nails of these special types are substituted for 
common nails. It should be pointed out that the 
driving resistance of such nails increases as the 
strength increases and there is a greater probability 
of bending than with common nails although this 
may be controlled by the carbon content of the 
nail steel. 
One other point is necessary in discussing the 
working values for nails. The published values 
are single shear values although this is not men-
tioned in the National Design Specifications. 
Since the type of shear is not specified, it is 
assumed that these values are commonly used for 
both single and double shear. The use of these 
values for double shear is safe although there is 
evidence that under specific conditions their use 
may be uneconomical. 
The influences of double shear loadings on nail 
values have been investigated by Dr. E. G. Stern 
and Paul W. Stoneburner in a study conducted at 
the Virginia Polytechnic Institute. Their study 
indicates that for specific sizes of side members 
and center member, an optimum diameter of 
nail exists which will allow the use of nail values 
in double shear at twice the published single 
shear values. For a central member of nominal 
2 inch thicknesses and side members of nominal 
1 inch thicknesses, the doubled value rule is 
applicable to common and threaded twelvepenny 
nails of low carbon steel. These findings were 
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based on tests of green Southern Yellow Pine 
when subjected to tension or con1pression. 
For use in the design of truss joints where the 
stress in the side members is not of the same 
magnitude and direction, this rule is not specifi-
cally applicable and must be altered for each 
specific case. These findings of Stern and Stone-
burner are in agreement with work on the subject~ 
performed in Germany but have not, as yet, been 
incorporated into codes or specifications in this 
country. It would appear that this 'information is 
extremely important for the efficient utilization 
of both wood and nails and that it is very desirable 
for these data to be incorporated into the standard 
design procedures for nails. 
In residential construction, the amount and 
placing of nails has traditionally been the pre-
rogative of the carpenter. While this practice has 
been satisfactory in the past, the trend toward 
more complex framing, such as trusses, accents 
the need for the accumulation of more data on the 
nail and a refining of the existing design procedures. 
Bolts were considered but were not extensively 
used in this study. Design values for bolts in 
double shear are published and sufficient informa-
tion is given for all the applications considered 
during this study with one exception. As men-
tioned before, the choice of a connection for a 
specific use is often influenced by the available 
area. During one phase of the structural analysis 
(design of trusses), bolts were virtually eliminated 
due to the difficulty of obtaining sufficient end 
distance for a bolt or sufficient area for the use of 
multiple bolts. Although not specifically men-
tioned in the National Design Specifications, the 
end distance for bolts may be reduced in propor-
tion to the percentage of design load imposed. 
Bolts were not reexamined after this information 
was received since other difficulties existed. There 
is evidence that distortion in bolted joints is 
considerably greater than in either nailed or 
ring connected joints.17 The amount of such 
distortion is a function of the method of drilling 
the holes, the size of the hole, the contact area 
between bolt and wood and the strength and 
stiffness of the bolt. Holes must· be drilled 
one-sixteenth inch larger than the bolt and im-
mediate contact between bolt and wood is point 
contact as the joint is loaded. Distortion will 
occur until crushing of the wood brings sufficient 
area into play at which time movement will 
17 Stern and Stoneburner, De8ign of Nailed Strv.cture8, 1952, Virginia Poly-
technic Institute, pp. 47-49. 
continue with an increase in load at a more normal 
rate. Roughly drilled holes aggravate this con-
dition. It should be pointed out, however, that 
bolts do provide a connection device that is useful 
between the loading ranges of nails and split-
rings. 
Split-ring Connectors.-Although they are avail-
able in both 2X- and 4-inch diameters, and the 4-
inch diameter is rarely required for the loads in 
residential construction. The ring is set in pre-
drilled grooves in the faces of the members to 
be joined and the whole assembly is drawn tight 
by a bolt. The split allows the ring to bear 
simultaneously against the core and against the 
area outside of the groove in the direction of the 
load. The larger ultimate loads are accounted for 
by the greater area in shear. In a tension joint, 
even after the area beyond the ring has reached 
its maximum shear stress, the core remains as a 
wooden dowel, the bases of which must shear 
before complete failure. It is usually not practical 
to drill rings in place and they must be drilled 
with a greater accuracy than is the case with 
bolts. 
There is very little tolerance in ringed joints 
with which to take up errors in the workmanship 
and there is no possibility of enlarging the groove. 
The practice of "drifting" members together or of 
enlarging bolt holes does, of course, result in a 
joint of dubious strength and the possibility of 
large distortions. In a triangulated frame, such 
as a truss, where all members are ring-connected, 
such minor variations as warp or twist in a member 
may influence the location of the rings to such an 
extent that the frame is assembled with difficulty 
and then only when the frame has been warped 
out of shape. In residential construction, such 
forcing of a frame to complete assembly will 
result in a warped roof plane and a wavy ridge 
line. Whether or not this reaches proportions 
that are objectionable is, of course, dependent on 
the magnitude of the original error. 
Predrilling of trusses in a factory with the 
advantages of drills, presses and jigs will eliminate 
the major errors of workmanship but the influ-
ences of the material will remain. It has been 
noticed in watching the assembly of prefabricated 
trusses that errors of the same magnitude as in 
site fabrication can exist. The probability of 
such errors is certainly greater in site fabrication, 
and this factor must be considered in the design 
of trusses. 
The joint deformation characteristics of split-
rings appear to be superior to bolts although not 
as good as nails when evaluated on the basis of 
the measured deflection of trusses at design load.18 • 
When evaluated on the basis of the load carried 
at the allowable deflection, the ring connected 
trusses are superior. 19 This last criterion does 
not appear to be valid since the load at an allow-
able deflection of L/360 or L/240 represents a 
degree of overload that does not appear to be of 
any practical significance. It should be pointed 
out that while the above relations are very 
interesting, all of the connectors performed satis-
factorily at design loads and, on the basis of the 
tests reported in the publication mentioned in the 
footnote, it would not be expected that the 
allowable deflection would be reached even under 
the assumed duration of snow loads (2 months). 
In designing the joints in the structural analyses 
of this study, the predominance of rings over 
bolts may be attributed to the small area required 
for rings as compared to an equivalent number 
of bolts. Also, at the prices prevalent in this 
study-assuming a single shear lap joint of two 
2-inch members in tension-one bolt with washers 
plus one 2}~-inch ring is approximately equal in 
price to two }~-inch bolts with washers, while 
the allowable load on the ringed joint is ap-
proximately 2X times as great. 
Claw plates, shear plates, toothed rings, and 
spike-grids were also considered although none 
were utilized in design. The first of these two are 
set in precut daps in the member faces. They 
differ from rings in that the halves imbedded in 
each member are separate pieces and they depend 
upon the bolt to develop the shear between the 
halves. The second two mentioned are imbedded 
into the two members by a tensioning device that 
is removed and replaced by a bolt after assembly. 
Although they do have the advantage of not 
requiring power equipment for their installation, 
the use of such devices is decreasing due to 
splitting. 
Bulldog connectors are light metal toothed rings 
with a solid hub that ensures equal imbedment 
in both wood faces. They are available in 2- and 
3-inch diameters and are installed in the same 
manner as toothed rings. Another connector 
similar to the toothed ring is a small diameter (of 
the order of }~-inch) light metal fastener recently 
introduced in this country. They are not specif-
ically designed for framing and are usually supple-
ts Loc. cit. 
a Lo~. cit. 
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mented by a nail driven through the center of the 
device. One connector may be imbedded in the 
wood of the members being joined by hammer 
blows but multiple connectors would require some 
clamping device to seat the connector. This 
limits their usefulness in site assembled construc-
tion such as trusses. 
Light metal framing anchors were investigated 
and some were used in the design of connections. 
They are manufactured from approximately 20-
gage metal and are fastened by nails that are 
one-half length eighth commons. Holes for the 
nails are prepunched and the anchor is designed 
to load the majority of the nails in shear rather 
than in withdrawal. In this manner they may be 
used to replace toe-nails in many instances. 
The toenail is a much used and much abused 
device. The Forest Products Laboratory has 
recommended that toenails be designed .at two-
thirds the tabulated withdrawal value for with-
drawal and at five-sixths the tabulated shear 
value for shear. The quality of workmanship in 
toenailing is very important and influences joint 
strength. For the best results, an angle of 30° 
from the member being nailed and an end· distance 
of one-third the nail length from the starting point 
of the nail is recommended. It does not seem 
reasonable to assume that such practices may be 
realized in actual construction. However, the 
primary hazard from the strength point of view 
would seem to be splitting. For design purposes, 
it seems reasonable to use the mentioned values 
for all joints and to require replacement in joints 
where splitting exists. Whether or not splitting 
occurs is a function of the workmanship and the 
specie and moisture content of the wood. 
The light metal anchor eliminates the uncer-
tainty of the workmanship, and loads the nail in 
the most efficient manner. While the nails are 
driven very easily, it should be pointed out that a 
large number of them are required in each flange 
of the anchor. In this study they have been used 
to a considerable extent where the difficulty of 
position or the number of toenails required make 
toenailing impractical. 
There are at present two types of anchors on the 
market. The manufacturer of one of these types 
publishes design values that may be used in 
structural analysis. The second manufacturer 
recommends his product for stronger and im-
proved framing without more specific information. 
In this study, the ~t type has been used ex-
clusively although testing of the second anchor 
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might indicate equal strength. In those applica-
tions for which no published data was available, a. 
design value has been caJculated from the basic 
data for the nail.20 Values calculated in th~ 
manner are in general agreement with the pub· 
lished values. 
Lag screws and wood screws were not used in this 
study and they do not appear to have wide usage 
in conventional framing, although they a.re used 
for panel jointing by some prefabricators. Their 
limited use in framing is probably due to the 
necessity of drilling pilot holes. Strength and 
design procedures were reviewed only briefly. 
Metal column caps, bases, joist hangers, etc., 
were reviewed since, being originally designed for 
heavy timber construction (mill buildings), they 
were suitable for the post and beam types of 
framing. There are a number of manufacturers in 
this field and a wide range of sizes is available. 
This type of hardware is evidently proportioned 
on the basis of the normal load carried by beams of 
the various sizes and sufficient bearing area is 
provided. Under vertical loads there is no 
question that this hardware is adequate. Under 
other loadings, such as shear and uplift, there is 
some doubt as to the exact value of the connec-
tions although some manufacturers offer engineer-
ing service and undoubtedly could furnish the 
data. The one attempt made to obtain such 
information did not get results. 
This hardware usually utilizes bolts or lag 
screws and thus necessitates accurate predrilling 
or drilling in place. With the large sizes of tim-
bers used with this hardware,' the close tolerances 
were impossible to obtain. (During one phase of 
this project timber of sizes up to 6" x 14" were 
purchased. Long posts were especially difficult 
to work and place since considerable twist was 
present.) These difficulties in conjunction with 
the cost of this hardware resulted in its elimination 
as an economical connection for the specific uses 
that were planned. 
Gluing was the last and most interesting of the 
connection methods investigated. The recent 
rapid advancements in the field of adhesives and 
particularly the development of the phenolic resins 
has made possible the use of glues in applications 
that were considered impossible a short time ago. 
Withm limits, adhesives can now be formulated to 
provide the necessary properties for most gluing 
operations. It may be noted from the previous 
discussion of connecting devices, that all of these 
10 Appendix A. 
depend upon loading relatively small areas of the 
members for the transfer of shear. All of these 
produce points of extremely high stress accom-
panied by large distortions while the vast majority 
of the available contact area does not serve in the 
transfer of shear. 
Gluing is the only means by which the entire 
contact area may be used. If the glue is bonded 
completely and uniformly there are no stress con-
centrations present in the joint.21 The result is a 
joint of very high value and of low distortion. In 
other words, glue approaches the perfect connect-
ing device for wood just as welding approaches 
that goal in steel construction. From this, it is 
easy to understand the enthusiasm and interest in 
glue. 
The development of the stressed skin principle 
of construction by the Fores.t Products Laboratory 
in the 1930's opened the field of house construction 
to the increasing use of glues. The gluing of 
structural skins to the framing members of a panel 
results in 100 percent shear transfer between these 
elements; such a panel when subjected to lateral, 
compressive or tensile loads, is stressed as an 
integral unit and exhibits characteristics that are 
superior to those of the frame alone. This prin-
ciple has been adopted eagerly by the prefabricated 
homes industry. It was considered the most 
promising possibility for the reduction of cost for 
on-site fabrication. It was hoped that this might 
be achieved through the reduction of framing 
member sizes or through an increase in the spacing 
of the members. 
Field gluing has been used in isolated instances 
as a structural connection since the 1920's. Some 
of these have performed satisfactorily over the 
years although there is not enough information 
available to truly evaluate their performance. 
The glues used at that time were not water resist-
ant and the glues available today would be ex-
pected to give improved performance. Deterio-
ration by moisture, until the development of the 
resin glues, ~as one of the major hazards of 
structural gluing. 
Since this project was concerned exclusively 
with site fabrication, an attempt was made to 
ascertain the feasibility of field gluing for struc--
tural connections of ~11 types, including: gluing 
of truss joints, gluing of skins to structural panels, 
lamination of structural members, and the gluing 
of joints between panels during assembly .of the 
u This is not the case lf the joint is glue-nailed since areas of high bond will 
occur near the nails and areas of low or no bond will oc-::ur in other places. 
house. Mter a survey of the available literature 
on gluing and correspondence with authoritative 
sources, the conclusion was reached that at the · 
present time, field structural gluing is not recom-
mended. There are no established design pro-
cedures. There are no standards for the selection 
and application of the adhesive, for the prepara-
tion of the wood, and for the application of 
pressure. Such procedures are established for 
factory gluing but are not specifically applicable 
to the problems and hazards of site gluing. This 
situation may be explained by consideration of the 
following factors. 
There is no glue in existence today that can 
insure adequate and consistent strength without 
proper control over the glue consistency, the 
curing temperature, the curing pressure and the 
preparation of the wood before gluing. Most, if 
not all of these, are more .difficult to obtain in 
field gluing than in factory gluing. There is not 
a sufficient backlog of experience with field gluing 
to determine to what degree these controls may 
be achieved. Another difficulty exists in gluing, 
for example, in gluing truss joints. Once the joint 
has been assembled, there is no means of inspection 
that will give the slightest hint as to the efficacy 
of the joint. If the joint is pressure glued, failure 
of the glue means failure of the joint and this may 
be of the nature of a sudden failure. If the joint 
is glue nailed, failure of the glue will load the 
nails which may or may not be sufficient to carry 
the load. In contrast to this situation, the other 
methods of connection, with the exception of split-
rings, allow an inspection that will tell at a glance 
whether or not the joint meets specifications. In 
the case of connectored joints in which the ring 
has been omitted, warning of impending failure is 
given by the excessive deflection of the truss as 
the bolt alone attempts to carry the shear. 
This problem of inspection once existed in 
welded steel. In some European countries, the 
tragic failures of early welded structures led to 
restrictions on the use of welding and a lack of 
confidence in it that is still felt. The problem 
was eventually solved through the development 
of inspection ·techniques that were not visual in 
nature. Such a development does not appear 
necessary to establish the use of field gluing in 
residential work. The work done on glued trusses 
at Pierce Foundation was based on the assumption 
that a statistical survey would indicate that the 
test joints were not superior to those that could 
be expected during actual construction or produc-
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tion. It would appear that statistical techniques 
could be established for field gluing and used as a 
basis for design criteria. 
Testing procedures for glued joints have been 
established and one series of tests on Douglas Fir 
blocks recorded ultimate values of from 840 to 1,100 
p. s. i. ,22 for shop glued joints depending on the 
moisture content of the wood. While it is idle to 
speculate as to what reduction factor might be 
necessary for use of these values in field gluing, 
their magnitude indicates that even with an 
extremely large reduction, glue would still find 
wide usage as a connection for trusses where the 
minimum contact area is of the order of 13 square 
inches (two 2 x 4's intersecting at right angles). 
For use in structural calculations on residential 
framing, the following information would be 
needed: 
Field gluing-Side grain to side grain: 
1. Allowable long-time working stresses for 
single and double shear joints. 
2. Duration of load factors applicable to the 
glue values. 
3. Allowable working stresses for moment con 
nections. 
4. Approved procedures for calculating actual 
stresses in moment joints. 
5. Approved procedures for calculating actual 
stresses due to moment plus shear. 
The latter two points of information are necessary 
for the design of such assemblies as heel joints of 
trusses and the moment joints of such assemblies 
as rigid frames. 
Results of Structural Analyses 
In the following sections, the various framing 
systems have been broken down into "Roof Com-
ponents" (including ceiling construction) "Wall 
Components," "Floor Components," and "Foun-
dation Components." In these sections, the 
results of the structural analyses are discussed. 
All calculations have been performed within the 
framework of the loads, allowable stresses, and 
assumptions discussed in chapter 2. 
Roof Components.-(1) Rafters and Joists. 23 
When spaced at 12, 16, or 24-inch centers this 
construction is the most used roof framing system 
and may be considered "conventional construc-
tion" for 1-story houses. At the ordinary spans, 
a central bearing partition is necessary to support 
22 Laminating of Structural Wood Products by Gluing, 1948, Forest Produ<)ts 
Laboratory, table 4. 
23 Appendix A. 
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the ceiling construction; the rafters are not 
usually braced to this partition. As the basic or 
conventional system, this construction was ana-
lyzed to insure equal strength with the other 
systems. 
The following points are considered worthy of 
mention: 
a. The weakest joint in this construction is the 
peak joint. As conventionally built, the rafters 
are end-nailed through the nonstructural ridge 
board. While this type of nailing will transmit 
shear, the value of the nails in withdrawal is poor 
and under forces such as uplift, the joint is 
extremely weak. The solution to this problem is 
a 1 inch cleat nailed directly below the ridge board. 
Under uplift forces, such a cleat loads the nails 
in shear and will prevent the peak from opening. 
b. While it is not possible to say definitely how 
many nails are conventionally used in tying the 
rafter to the ceiling joist at the plate level, it is 
probable that this joint, as conventionally built, 
is understrength. Rafter and joist construction 
when properly built amounts to building a truss 
in place and the connection problem is very nearly 
as critical as in truss construction. With the 
trend toward the flatter slopes for roof construc-
tion, spreading becomes more of a hazard than 
in the past since a slight rotation of the rafters at 
the flatter pitches results in very little horizontal 
movement at the peak. At the steeper pitches, 
the larger horizontal movement at the peak pro-
vides the binding action on the ridge board which 
provides the stability of the construction. The 
flat pitches, then, result in a double hazard: 
(1) The horizontal shear transfer between rafters 
and joists necessary to prevent spreading is 
greater; (2) the results of slight yieldings are more 
critical. As an arbitrary estimate, the rule that 
a structural ridge beam should be provided at 
slopes of 4/12 or less seems adequate.24 
c. Collar beams are a familiar part of conven-
tional construction but their reason for being is 
not clear. If they provide the only tie against 
the rafters spreading, they are . tension members 
and wj.ll produce extreme bending in the rafters. 
The higher on the rafters they are placed, the 
more critical the bending in the rafters becomes. 
Calculations show that by tying the rafters with a 
collar beam at a point one-third of the rise below 
the peak, instead of at the plate line, the necessary 
rafter is increased by two nominal sizes. While 
u Building Code Requirements for New Dwelling Construction, BMS 107, 
National Bureau of Standards, p . 13. 
such a use of collar beams is certainly not common, 
it is a device which has some popularity in pro-
viding a clear-span, pitched ceiling in contemporary 
houses. Wherever it is used, the rafter should be 
designed for the moment caused by the collar 
beam. 
In other applications, the collar beam is used 
as a method of bracing the rafters at a point 
intermediate between the plates and the peale 
In such applications a separate tie at the plate 
line is provided and the collar beam is a com-
pressive member. There does not appear to be 
any agreement as to whether such an application 
provides a reduction in span and, therefore, a 
reduction in moment for the rafter.25 With 
properly designed joints at the plate and peak, 
a collar beam may be considered a point of sup-
port. 
The third possible function of the collar beam 
is as a tie for the peak joint under forces such as 
uplift. If this is the function of the member, the 
proper placement should be as indicated in thP 
discussion of the peak joint. 
The conclusion reached from this discussion is 
that collar beams should be used only with a 
specific purpose in mind, and that rafters, joints 
and the collar beam should be designed for that 
specific function. 
d. The last point is closely tied to the previous 
discussions. It was noted during the project that 
the use of the clear-span, pitched ceiling was 
gaining in popularity, probably for the aesthetic 
effect gained. This construction is sometimes 
used without a structural ridge beam. Since the 
use of structural ties at the plate line does not add 
to the appearance of the system, some experimen-
tation has been done by individuals in an effort 
to eliminate the ties. One of these consisted of 
sheathing the rafters with diagonal sheathing, the 
boards on either side of the roof being placed so 
that any single board ran from the center. of the 
roof length to the end wall of the room which was 
being spanned. The end walls were stiffened to 
take the extra thrust. Under tests, the system 
performed satisfactorily with no spreading of the 
rafters. 
This behavior is in conflict with the usual 
methods of designing rafters but ties in nicely with 
other information. If, as assumed earlier, the 
roof transrni ts the reaction of the side walls under 
wind to the end walls, it also should be capable of 
u Tabu of Maximum Allowable Spans, 1950, FHA, p. IV. Architectural 
Graphic Standards, 1951, John Wiley & Sons, Inc., p. 202. 
transmitting rafter thrusts of comparable magni-
tude to the end walls. This action undoubtedly 
accounts for the satisfactory performance of some . 
rafter constructions that are not adequately tied. 
The recent emphasis on the design of larger 
structures to resist blast and earthquake loads 
has resulted in more serious consideration of the 
roof plane as a diaphragm. Recently, tests have 
been conducted on plywood sheathed roof decks 
that have resulted in design procedures for such 
decks as diaphragms. 26 
Following these methods, calculations have been 
performed with the following results. 27 Assume a 
24' x 40' house with no partitions and a 5/12 slope 
roof. If the rafters are sheathed with %-inch 
plywood and nailed on all edges with eight-penny 
nails 4" o. c., this construction is capable of 
transmitting the direct stress in all rafters to the 
end walls. The deflection of the top of the side 
wall at the center of its 40-foot length would be 
less than %6 inch. This remarkable property 
of the roof construction suggests the following 
possibilities. Rafter ties of any type could be 
eliminated in the case of pitched ceiling construc-
tion. In more conventional construction, the heel 
joint of rafters or trusses could be made consider-
ably lighter. Under symmetrical snow loads, 
such construction would place the end wall under 
equal and opposite racking loads. If double top 
plates are used in the end wall framing and the 
heel connection at the end wall is designed for the 
greater shear present, this construction would not 
tend to rack or split the end wall. Under wind 
loads, the side wall reactions would be trans .. 
mitted as before; the parallel components . of the 
dead load would cancel out. Unfortunately, the 
information upon which the previous discussion is 
based arrived at such a time in the project that it 
was not possible to evaluate the economic factor 
involved. 
Briefly, it appears that nominal savings might 
be expected through the use of such construction, 
but what may be more important to architect and 
builder alike-it allows the addition of a third 
dimension to the flexibility that is now enjoyed 
with clear-span framing techniques. The concept 
of the roof plane as a rigid diaphragm has been 
proved for plywood sheathed roofs by the tests 
mentioned: Unfortunately there is no comparable 
data on which to base an evaluation of roofs 
20 How to De8ign Plvwood Diaphragms, 1952, Douglas Fir Plywood Associ-
ation. 
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sheathed with l-inch boards. This type of loading 
was not tested in the BMS series. It is assumed 
that a similar action is possible in such a surface. 
Since normal shrinkage in roof boards will elimi-
nate bearing between pieces, the shear transfer 
must occur through the nailing to the roof con-
struction. Such a transfer would probably be 
accompanied by considerably larger distortions 
and an evaluation of this factor must necessarily 
be based on tests. It appears that this structrual 
action is sufficiently basic to the determination of 
adequate construction that it deserves evaluation 
regardless of the possibilities of economy. Design 
procedures for such an action would represent a 
major and desirable departure from the limitations 
of analyses based on isolated elements. 
(2) Beams and Rafters at Expanded Spacings. 28-
These calculations cover the post and beam and 
the longitudinal beam systems. They are all 
based on the use of an exposed material as a 
combination roof sheathing and ceiling material. 
Depending on the spacing, several different mate-
rials are possible and these are listed in appendix E. 
The design of the primary frame for these systems 
was a straightforward matter since a structural 
ridge was . used and all rafters and beams were 
used on simple spans. These points are noted: 
a. The dead load of the post and beam systems, 
while greater than that of conventional construc-
tion, is not sufficient to overcome the theoretical 
uplift forces. Since these systems are built at 
extended spacings, the connection problem is 
actually more critical. In order to carry these 
forces without exposing the connections, beams 
and rafters were detailed to rest directly upon the 
ridge beams with a l-inch spacer board between 
opposite members. This allowed better conceal-
ment for the structural connections which con-
sisted of toenails for the vertical component of the 
uplift and strap for the horizontal . component. 
This also . eliminated the ledger strip, which is 
perhaps the more usual device for making a rafter-
beam connection. Under the concentrated loads 
of such a system as beams 8' o. c., it was impossible 
to provide sufficient nailing area in the immediate 
vicinity of the connection of the ledger. As the 
nails were spread throughout the length of the 
ledger strip, their value was increasingly dependent 
on deflection of the ledger strip. This method of 
nailing, while undoubtedly strong enough, would 
be expected to cause noticeable deflection in the 
ledger strip when the roof is subjected to design 
28 Appendix A. 
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loads. Post-to-beam connections were made by 
scabs or aprons on either side of the beam. This 
allowed an efficient and economical connection for 
uplift and also provided stability for· the ridge 
beam. It was noticed during the survey of 
structural systems that it was common practice to 
place relatively deep beams directly on posts with 
a minimum of connection-perhaps a single lag 
screw into the end grain of the post to prevent the 
beam from being tipped or sheared from the post. 
The design of such a connection is largely a matter 
of judgment but it should be pointed out that such 
details do not result in an efficient connection for 
uplift. 
(3) Trusses. 29-The majority of trusses designed 
as part of this study utilized a pattern with panel 
points on the top chord at the X points and on the 
bottom chord at the ~ points. 
a. The chords of trusses in residential construc-
tion are stressed in bending plus direct stress. The 
direct stress is most important in the design of the 
connections. In the design of the top chord, the 
moment accounts for approximately % of the 
design stress; direct stress accounts for only H .. 
b. The ratio of flexural stresses to direct stresses 
in the top chord is influenced by the pattern of the 
diagonals. As the panel point spacing is increased, 
flexural stresses are increased and connection loads 
at the heel joint are decreased due to the greater 
vertical shear present at the joint. The pattern 
mentioned gave the most favorable combination 
of stresses of any of the patterns tried. 
c. The customary method (and the one used 
in this study) for the design of trusses with bend-
ing in the top chords is to assume the chord be-
tween panel points acts as a simple beam and to 
place the beam reactions as loads on the panel 
points for the calculation of direct stress although 
it is usual in residential trusses for the top chord 
to be a single continuous piece. This method is 
generally justified as being "on the safe side" and 
it is realized that it is an approximation of the 
true action. This justification is true when speak-
ing of the moment in the chord but is not true for 
the design of the top chord to diagonal connection. 
If the top chord is truly continuous over this panel 
point, the shear is greater than calculated and the 
method is on the "unsafe side." This error seems 
to be generally ignored and it has been ignored in 
the calculations for trusses at 6' and 8' o. c. 
However, at 2- and 4-foot spacings, the Small 
Homes Council "W" truss, which incorporates a 
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lap joint in the top chord at· the panel point, was 
used. This connection has been designed as a 
shear and not a moment joint. This pattern, 
then, more nearly corresponds to the assumptions 
of analysis than is usual in residential trusses. In 
an undeflected truss with a continuous top chord, 
the maximum moment is negative and occurs at 
the diagonal panel point. This moment is equal 
to the simple beam moment of the chord when 
calculated by the usual method. · All trusses de-
flect under loading and a deflection of the order 
of one-eighth-inch at the diagonal panel point will 
relieve a considerable part of the negative moment. 
As this deflection continues, the maximum moment 
becomes positive and moves toward the center of 
the span on either side of the panel point. This 
action is of the nature of a secondary effect since 
it depends on the deflection of the truss. As a 
secondary effect, it is usually ignored in calcula-
tions, although such effects may be expected to 
be more important in wood construction where the 
influence of the time-load factor must be 
considered. 
The above discussion suggests that while the 
combined-stress continuous member is a rarity in 
steel-truss construction,30 it is the usual case in 
residential framing. Design procedures and meth-
ods of analysis have not been published, and the 
approximate method that is conventionally used 
apparently has never been subjected to close 
scrutiny. The lack of standard design procedures 
does not mean that the problem is insoluble but 
rather reflects a lack of interest in a problem that 
occurs primarily in light construction. 
It w'as beyond the scope of this investigation to 
investigate this point further but the possibility 
exists that more thorough design procedures 
would allow advantage to be taken of the relief 
in the top chord moment as the truss deflects. 
Note that this action will occur whether it is 
desirable or not and consider it in relation to the 
discussipn on stress grading. 
e. The trusses designed as part of this investiga-
tion differed from previously designed trusses in that 
they were designed for wind load-that is uplift. 
Such a design involves more than connection to 
the wall plates since with the light dead loads 
used, the members experience a reversal of stress 
under uplift. This indicates the most critical con-
dition in the long diagonals (peak to bottom 
chord) w~ch become compressive members. In 
certain instances lateral bracing has been specified 
ae The problem is 1arely mentioned in structural texts. 
to reduce the Ljd of these members and thus to 
prevent buckling under such a reversal of stress. 
In general, moments, direct stresses and shears at 
the connections were less under wind load than· 
under snow load. 
In a series of designs (not a part of this project) 
for trusses to be loaded with attic storage of 10 
p. s. f., it was found that this loading was sufficient 
to prevent reversal in the diagonals. This indi-
cates that the weight of a plastered ceiling con-
struction would very nearly accomplish the same 
purpose. The trusses designed as part of this 
investigation did not provide for plastered ceilings 
and should be rechecked if this construction is 
used. 
f. Unlike rafter construction, loads on the roof 
of truss construction result in deflection in the 
ceiling plane. The criteria for allowable deflec-
tion mentioned earlier are even less ·applicable to 
truss construction than to beam construction since 
deflection in this case is a combination of beam 
and truss action. Changes of slope in the ceiling 
plane do not occur in the manner of simple beams. 
In the testing phases of this project, these criteria 
were used for want of more accurate standards. 
In the structural analysis, deflection in trusses 
was not calculated although empirical formulas 
for camber do exist for all-nailed 31 and all-ring-
connected 32 trusses. 
g. Camber is placed in trusses to establish a 
horizontal ceiling plane as the truss deflects. In 
residential construction, clear spans with no parti-
tions of any type rarely occur. Since non-load-
bearing partitions are normally blocked tightly 
to the ceiling construction, the problem is different 
then for other truss constructions. In residential 
construction the purpose of cambering a truss is 
to provide a level ceiling plane at the time the 
partitions are tipped into place. After the trusses 
are in place, they will adjust themselves under the 
dead load and will deflect slightly. This deflec-
tion will increase with time and the proper amount 
to be used must be learned by experience. For 
the 2' o. c. "W" truss, one-half inch or less has 
been adequate. Too much camber will cause as 
many problems as not enough camber and in 
operations where the erection of partitions follows 
closely upon the erection of the trusses, it may be 
advantageous to omit camber. 
Jl Stem, E . George, Fundamental ConsidertUions in the De8ian of Naiud 
Structures, 1952, Reprinted from Civil Engineering and Public Works Re-
view, London, England, p. 3. 
32 National Design Specifications, 1951, National Lumber Manufacturers 
Association. 
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There is one other disadvantage to the use of 
camber. When camber is placed in trusses, the 
connection at the heel joints and bottom chord 
splice are made so that the length of the bottom 
chord is slightly longer than a straight horizontal 
line between the plates. As the truss settles, the 
bottom chord becomes level and this allows a 
slight spreading of the plates. The magnitude 
of this spreading is so slight that it is ignored but 
this action suggests that large amounts of camber 
should be avoided. 
Blocking the partitions to the ceiling cannot 
help but load these partitions as the truss deflects, 
whether or not they have been designed as load-
bearing partitions. In .this manner the interior 
partitions reduce the deflection of the truss. This 
is an indeterminate problem where experience 
must be substituted for analysis. In most con-
struction, non-load-bearing partitions differ from 
load-bearing partitions only in the absence of one 
top plate and in the absence of supporting con-
struction or foundations beneath the partition. 
The main hazard in this construction is, therefore, 
to the truss rather than to the partition. The 
experiences of the Small Homes Council indicate 
that this method of construction has not caused 
damage or failure in the roof, partition, or sup-
porting construction when used in houses and 
subjected to service loads. Admittedly this can-
not be the final answer to the problem and testing 
would be necessary to determine the magnitude 
of the forces involved. Another alternative is 
the development of a slip joint at the ceiling-
partition junction. This problem is difficult to 
solve economically since it must be a structural 
shear joint in the horizontal directions (15 p. s. f. 
lateral design load on interior partitions). 
h. Lateral bracing for truss construction is a 
matter of judgment. In this study the lateral 
support of the sheathing and ceiling construction 
has been depended upon. Past experience of the 
Small Homes Council indicates that this is ade-
quate. The ceiling plane can be expected to 
exhibit the same properties as the plane of the 
roof sheathing discussed earlier, but to a lesser 
degree. In addition to this lateral support, a 
2-inch board running perpendicular to the span 
of the trusses at the center of the bottom chord 
has been used to space the bottom chords and 
provide some lateral support at this point. 
i. The connection problems of wood make it 
virtually impossible to achieve a single plane truss 
for residential framing. Such a truss is most 
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nearly achieved by nailing and through the use of 
gusset plates on both sides of all major joints. 
In ring connected and bolted trusses, the single 
shear lap joint is the most usual joint arrangement 
at the lesser spacings. The Small Homes Council 
"W" truss utilizes single shear laps at all joints. 
The lateral eccentricities thus created produce 
theoretical moments of tremendous magnitude in 
relation to the member sizes actually used. In 
the design of this truss, it was assumed that the 
lateral deflection necessary for the production of 
these moments would be limited by the lateral 
support of the sheathing and ceiling planes. This 
a.ssumption was verified by test. 
In short-time load tests to failure, 5 of these 
trusses, sheathed with l-inch boards on the roof 
and with no lateral support in the ceiling plane, 
carried a load of 128 p. s. f. before failure without 
any noticeable lateral deflection of the members. 
Since it was known that lateral stability is more 
critical under long-term loads, two more trusses 
were subjected to this type of loading. Under this 
test, and with no lateral support, the members have 
developed large lateral deflections and have bowed 
the plane of the sheathing with them. Failure has 
not occurred to this date. This experience once 
more emphasizes the inherent stiffness and 
strength of the sheathing plane. The sheathing 
on the test trusses has shrunk until one-eighth inch 
space exists between boards and all lateral loads 
are being carried by the nails. 
Wall Components.33-The design of the wall com-
ponents was probably the most difficult phase of 
the structural a~alysis. This was true for a 
variety of reasons. The principal ones are: (1) 
The large variety of loads that walls must carry-
compressive, uplift, lateral bending, and racking; 
(2) the difficulty of estimating the combination of 
these that approximate reasonable service loads; 
(3) the variety of sheathings and exterior and 
interior finishes that are possible and the indeter-
minate support these lend; and (4) the extreme 
difficulty of making any separation between archi-
tectural and structural functions. 
The framing members were, therefore, designed 
on the basis of the frame only and were designed 
for the loadings mentioned earlier which are be-
lieved to be reasonable in view of the probable 
durations of the various combinations. Rough 
cost estimating studies and architectural details 
were prepared simultaneously to make the analysis 
more efficient. Structural calculations that are 
33 Appendix A. 
pertinent are included in appendix A. The follow-
ing discussion is arranged by type of loading. 
(1) Vertical Loads .- Sill plates are necessary in 
residential construction for the leveling of walls 
and the attachment of the studs. The bearing of 
the studs loads the plate with compression per-
pendicular to the grain and the allowable stress 
under this loading becomes the criterion for the 
design of almost all vertical members in conven-
tional residential framing. The crushing of the 
plates when the design value for bearing is ex-
ceeded is not critical in the plate itself, since this is 
a local failure, but rather in the end condition that 
·such crushing imparts to the column. It is de-
sirable that under design loads, the column main-
tain a "square ended" condition. 
A 2" x 4" x 8' stud without lateral support for its 
weak dimension has an Lfd that exceeds 50 and 
therefore is unsuitable for use as a compressive 
member. If it is supported laterally, it is a long 
column. (Lfd greater than "K", less than 50.) 
This last is the usual case in residential framing 
since such support is furnished by the sheathing 
and finishes. Where a single stud of 8-foot length 
is a structural mullion between two sheets of glass, 
it is doubtful that lateral support is present. 
While the glass is probably strong enough to give 
the necessary support, the usual detailing of the 
glass would not allow the assumption of such 
support. Doubling the stud for such construction 
will give sufficient lateral support. 
Even with the reduction of allowable stresses for 
long columns, the bearing value remains the con-
trolling actor. Our calculations indicate then, that 
for the vertical loads imposed and for building 
spans of up to 32-foot, the 2" x 4" is adequate at 
spacings of 8' o. c. with rafters and structural ridge 
beam. With trusses, spacings of up to 6' o. c. 
are possible for buildings of 32-foot spans. 
(2) Horizontal Loads (Wind).-Under horizontal 
loading, 2 x 4's are adequate at spacin~ of 24 inches 
and less, 1 x 4's are adequate at spacings of 16 
inches and less, 2 x 3's are adequate for strength 
at 16 inches but are not adequate for deflection. 
At 12" o. c. they are adequate for both criteria. 
These calculations make one thing clear. In the 
design of stud walls, wind, not vertical load is the 
critical loading. These findings are not in agree-
ment with previous work by others. Tables of safe 
axial load for studs have been published and these 
do not take into account lateral bending of thf' 
studs although data are given for spacings up to 
36" o. c.34 These tables are based on the premise 
that transverse bending need not be considered 
except under unusual lateral forces. 35 This premise 
is irreconcilable with the grading rules for thf'. 
studding and blocking grades of Douglas Fir (OR) 
2 x 4's even if consideration is given to additional 
support from finishes and sheathing. 
Those systems that are based on extended 
spacings of the primary wall framing members pre-
sent a different problem than the conventional 
stud wall. As the span of the building and the 
spacing of the primary members increase, the 
vertical loads carried increase proportionately. 
The lateral load on these members increases only 
as the spacing increases and this increase is in-
fluenced by the method of subframing. Assume 
posts spaced at 4', 6' and 8' o. c. There are three 
different cases for the loading of these posts by 
wind and they are listed in the order of increasing 
severity: 
a. Subframing vertical-spaced, for example, 
at 16" o. c. This subframing supports the sheath-
ing and finishes and carries the wind load between 
foundation and eaves. If the post to subframing 
connection can be detailed to allow deflection of 
the subframing past the post without breaking 
the weather seal, the post carries no wind load. 
More practically, if the connection is detailed so 
that the subframing is spiked to the post, the post 
will carry 16 inches of wind loa.d or 10.6 square 
feet. This is the case when prefab or site-built 
ribbed panels are used as curtain walls between 
the posts. 
b. If prefabricated curtain wall panels which 
have equal moments of inertia about their perpen-
dicular axes are used, and the top plates between 
posts are of approximately equal stiffness as the 
posts, these posts will carry 24, 30, and 32 square 
feet of wind load, respectively. This is the case 
when full size panels of such sandwich materials 
as an asbestos-cement-fibreboard laminate are 
used and supported on all four edges. This par-
ticular product must be used in this manner since 
it is incapable of spanning the 8 feet between plates 
and foundation without edge support. 
c. If the subframing is horizontal these posts 
will carry 32, 48 and 64 square feet of wind, re-
spectively. This is the case when horizontal girts 
are used for the support of such finishes as vertical 
siding. 
The influence of subframing and the choice 
of materials is graphically illustrated by these 
u Stud Walls, Safe Axial Loads, 1939, NLMA, p. 2. 
3~ Ibid. 
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figures. Case 1 allows the use of 2 x 4's as posts 
at extended spacings since the critical loading 
of wind does not increase with an increase in post 
spacing. Since this method loads the top plate 
between posts as a beam, the relief of the trans-
verse load in the post results in bending in the 
plate. This in turn may be relieved by eliminat-
ing the top plate and allowing the panel to go all 
the way to the plane of the sheathing. This not 
only eliminates the difficulty with the plate but 
simplifies the connection problem since it is the 
plane of the sheathing which ultimately must 
carry the shear. This results in a simple direct 
connection. 
(3) Uplift Loads.-All connections were de-
signed to carry uplift forces. In stud wall, tip-up 
construction, it is efficient to end-nail the studs to 
t·he plates. This results in a joint that is weak 
under forces that load the nail in withdrawal. 
There are these alternatives: (1) Toenailing, (2) 
framing anchors or straps, or (3) dependence on 
the sheathing. The last is the most economical 
method and is sufficient at 2 foot spacings if the 
sheathing laps the plates both top and bottom and 
is nailed according to the manufacturer's instruc-
tions. Where this is not possible, one of the other 
devices is necessary. 
( 4) Racking Loads.-Racking of walls is a 
structural action for which no structural analysis 
is available. The factors that influence the 
rigidity and strength are, however, known. 
These are the stiffness and strength of the sheath-
ing and finishes, the amount and spacing of the 
nailing, and the length of the wall. The stud 
frame itself has negligible racking resistance and 
influences the action of the wall only to the extent 
that it influences the available nailing. Racking 
tests have been performed on many wall sections 
with a variety of sheathings and finishes. Rack-
ing moduli have been computed for those construc-
tions tested and these have been published.36 
The racking modulus of a wall section is a measure 
of stiffness and strength based on test data. In 
this study, this information was valuable only as a 
general guide since the study was concerned with 
a variety of materials, combinations and construc-
tions· that had not been subjected to testing. 
Accordingly, for the purposes of this project, the 
following procedure was followed: No attempt 
was made to calculate or estimate a numerical 
evaluation of the racking resistance of the many 
ae Strength of Hou1e.-BMS 109, 1948, U. S. Department of Commerce. 
p. 59. 
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wall sections considered. Based on the informa-
tion in BMS 109 and HHFA Technical Bulletin 
No. 8, no wall section was included that was 
obviously unsuitable. In this manner, the wall 
constructions considered are adequate although 
not equal in racking resistance. If at the end of 
this study, an untested construction emerged supe-
rior from the cost analysis phase of the project, 
that construction could be submitted to the 
necessary testing before being recommended. 
The following sheathing materials are listed in 
order of decreasing stiffness when evaluated for 
racking stiffness at X-irich deflection. This order 
is of the nature of an estimate since not all panels 
were framed in an identical manner and since the 
test data from several sources varied in complete-
ness and in some cases were contradictory. The 
listing is most accurate for 16 inch spacing of studs 
but is approximate for other spacings. Buckling 
of l-inch diagonal braces at larger spacings would 
cause the greatest variation from this order. All 
sheet materials were considered as being 4' x 8' 
and applied with the 8-foot dimension vertical 
except where noted; all panels were without 
openings. 
1. ~'' plywood glued. 
2. ~" plywood nailed-with bracing. 
3. ~" x 4' x 8' gypsum-with bracing 37 (Dry) . 
4. ~" diagonal wood boards in compression. 
5. ~" fibreboard-with bracing (Dry). 
6. W' plywood-no bracing. 
7. W' x 4' x 8' gypsum-no bracing 37 (Dry). 
8. ~" diagonal wood boards in tension. 
9. W' horizontal wood boards-with bracing. 
10. ~" fibreboard-no bracing (Dry). 
11. ~" x 2' x 8' gypsum-with bracing 38 (Dry). 
12. ~'' x 2' x 8' gypsum-no bracing 38 (Dry). 
13. ~" horizontal wood boards-no bracing. 
Of this listing, all but the last two would 
qualify as being adequate under the minimum 
provisions of 100 pounds per lineal foot racking 
resistance at ~-inch deflection.39 This minimum is 
actually applicable to the whole wall section 
rather than to only frame and sheathing. When 
the last two of the above list are supplemented 
by a gypsum wallboard, applied in 4' x 8' sheets 
with the 8-foot dimension vertical, as an interior 
finish, there can be little doubt that they too would 
qualify under this standard. (Note that this 
finish results in a construction exactly as listed in 
No.7 above.) In addition, being an interior finish, 
n A val.lable only on west coast in a moisture-resistant sheathing. 
u Applied with 8' dimension horizontal. 
ae Performance Standard1, 1947, HHF A, p . 7. 
the possibility of a deterioration of strength due 
to moisture is greatly reduced. 
It should be emphasized once more that while 
all these constructions qualify as adequate under 
the minimum provisions for wall racking resist-
ance, the final criterion as to adequacy is the 
number of lineal feet of unbroken wall available to 
resist lateral forces. As mentioned, this is a de-
sign problem that must be met for each individual 
house. 
Usual corner bracing in framed walls, is a 1 '' x 4'' 
let into the face of the studs, top and bottom 
plates. This method of bracing has been proved 
to be much more effective than any pattern of 
bracing cut in between the studs. However, at 
spacings of 24" o. c. for studs and at high loa·dings, 
the buckling of the 1" x 4" about its weak axis 
becomes a critical item. Tests have shown that 
both compressive and tensile diagonal bracing 
act immediately to reduce racking. Therefore, in 
this analysis, let-in 1" x 4" bracing at corners has 
been placed at an angle of 45° and has been posi-
tioned to be loaded primarily in tension. This has 
been accomplished by running the bracing from 
the sole plate at the corner to the top plate 8' 
from the corner. This appears to be the most 
efficient position for such bracing. 
Floor Oomponents.-The design of joists has 
been discussed in the section entitled, "Influence 
of Duration of Load." The remaining point to be 
made concerns bridging. Bridging apparently 
serves two structural functions and is required 
by many codes. The first function is the distribu-
tion of concentrated loads from the loaded to 
adjacent joists. The second function is to give 
lateral support to the joists. As part of the 
previously mentioned study of the stiffness of 
floors, the Forest Products Laboratory also 
evaluated the efficiency of bridging in transferring 
concentrated loads.40 The test floors consisted of 
hardwood strip finish floors over wood board sub-
floors. These were supported on joists spaced 
16" and 24" o. c. spanning several distances up 
to 15'-4". These tests indicate that within the 
limits of the test conditions, the bridging transfers 
only an amount of the order of 2 and 10 percent 
of the concentrated load while the finish and sub-
flooring transfers an amount of the order of 77 
and 62 percent at joist spacings of 16" and 24" 
o. c., respectively. While these test results are 
for specific combinations of materials, spacings 
.. JIM. 
and span of joists, there is no reason to expect 
substantially different results for other conditions 
where an equally stiff floor diaphragm is provided: 
Beams with a depth-to-width ratio of 5 or less 
are considered to be adequately supported later-
ally if one edge of the beam is firmly fixed. This 
condition is realized in floor construction since 
the subflooring is firmly nailed to the joist. It 
may be expected, then, that for joist sizes of 
2" x 10" or less, the usual construction methods 
provide sufficient lateral support. This discussion 
leads to the conclusion that bridging is often used 
in residential construction where there is no 
structural need for it. It is. strongly recommended 
that more basic data on the effectiveness of bridg-
ing be accumulated with a view to its elimination 
in all except unusual cases. Such a case might be 
support of heavy concentrated loads of long-time 
duration when they occur near the center of the 
joist span. 
Foundation Oomponents.-It was realized that 
no comparative study would be valid if founda-
tions were completely ignored. On the other hand, 
the design of foundations was not a specific part 
of a study of wood framing. It was not desirable 
that the further variables of site, soil, moisture 
conditions, frost conditions, and choice of materials 
be added to the variables already involved. For 
this reason it was decided that the investigation 
of foundations should be limited to rough calcula-
tions run as a check on the adequacy of such 
standard minimum foundations as those specified 
by FHA. These proved adequate and were used 
throughout this study with the exception that 
special details were designed for those systems 
that were based on the provision of fixed end 
conditions for posts. 
The design of connections between wood framing 
and foundations was considered to be very impor-
tant for carrying both shear and uplift forces. 
However, no test data could be found to establish 
the bond value of anchor bolts, straps, etc., when 
imbedded in poured concrete or block walls. These 
connections were therefore designed on the basis 
of judgment and in general accordance with estab-
lished standards. There is little question but that 
the poured wall provides a more secure anchorage 
for the framing than do walls of masonry block 
construction. In masonry block foundation wall 
construction, the difficulty of making a good c~n­
nection undoubtedly leads to a joint at this pomt 
that is inferior in reference to the theoretical forces 
present. It is recommendea that, where the eco-
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nomic factors allow a choice between the types of 
foundation, the poured concrete be used on the 
basis of superior anchorage. Where economic 
factors dictate masonry block construction, it is 
recommended that close supervision be maintained 
to insure that anchor bolts are placed as specified 
in the appropriate minimum standards. 
Decking, Sheathing, and Curtain Wall Mate-
rialsY-One-inch boards are not stress graded.42 
However, boards are entitled to a considerably 
higher increase in allowable stress than 2" mem-
bers due to the increase in strength gained during 
seasoning. While dimension lumber also gains in 
strength and stiffness, the gain is largely offset by 
checking during the seasoning. In view of this 
factor and considering the fact that failure in the 
sheathing would be of a local nature (i. e., not 
primary framing), an allowable stress of 1,100 
p. s. i. in bending was assigned to No. 1, l-inch 
boards for the purposes of this project. 
On this basis, a 2-foot span was designated as 
the maximum spacing for board sheathing. For 
2-inch tongue and groove planing, 8 feet was 
designated as the maximum span for roof loads, 
and 6 feet was designated as the maximum span 
for floor loads. 
Prefabricated roof decking and curtain wall 
products were considered to be a potential econ-
omy in conjunction with those systems where the 
primary framing was placed at 4' o. c. and greater. 
For this reason, the available products were sur-
veyed. No structural design was possible for 
most of these products since basic data were not 
known. For this reason it was necessary to rely 
upon the 'recommendations of the manufacturers 
in selecting specific products for specific structural 
uses. The principal structural information gleaned 
from the manufacturers' literature is included in 
appendix E of this report. 
One of the principal difficulties encountered in 
choosing decking and curtain wall materials was 
the problem of support for the panels. Most panels 
were recommended to be used in conjunction with 
purlin systems that resulted in the panel spanning 
4 feet or less. In the interest of economy, it was 
desirable to eliminate the purlins but test data 
were not available to justify this. In the interest 
of appearances, it was desirable to conceal the 
purlins but the thicknesses of the panels were not 
H Appendix A and appendix E. 
u Rules for grading will be included in next revision of Forest Products 
Laboratory's Wood ,Handbook. 
generally great enough to conceal a wood struc-
tural spline of sufficient depth to carry the assumed 
loads. The structural problem involved is quite 
complex since these panels, when supported on all 
four edges, exhibit a structural action similar to 
flat plates. No analysis could be found to deter-
mine the reaction on each edge of the panel, 
especially so where the support on the long edge 
(purlin or spline) is of the nature of an elastic 
support. It is suggested that more flexible de-
tailing and wider usage of these products would be 
possible in residential construction if the manufac-
turers' literature contained more basic structural 
data upon which to base deviations from the 
standard details and the usual methods of appli-
cation. 
3-Hinged Arch: Trussed Bent: Rigid Pillar. 43-
Engineers interested in the housing field have on 
occasion suggested that houses should be designed 
structurally to provide lateral support to the frame 
that would be independent of the racking resist-
ance of the walls and partitions. This is, ·of 
course, the method used in large-scale steel 
construction. 
The first two of these three systems are struc-
tural patterns that are stable under lateral forces 
and they were included for this function. In the 
other systems analyzed, continuity in truss 
members was ignored. In these systems, the 
stability of the system depends upon continuity 
of the members and cannot be ignored. The 
following method of analysis was used. Loads 
were applied at the panel points of the frame as 
reactions of simple beams. From these loads 
direct stresses and the moments due to the direct 
stresses were calculated by statics and the method 
of joints. 1-'foments due to the uniform load 
between panel points were then calculated with 
these members considered as continuous beams. 
These were added algebraically to the direct 
stress moments to obtain the design moments. 
Since these systems were subjected to wind 
loading on the walls as well as roof loadings, the 
calculations became quite lengthy and involved. 
These calculations, in comparison to the other 
systems, were performed only for the 24' span. 
It was apparent from the member sizes required 
by the design that lateral stability could be 
achieved only through the use of larger-than-usual 
member sizes, especially in those members that 
served as columns. 
u Appendix A. 
In the 3-hinged arch, the thrust of the arch on 
the pier was taken through the use of reinforcing 
rods imbedded in the pier and in the slab. 
The foundations for the trussed bent system 
were especially designed to provide the necessary 
moment at the base of the column. The columns 
were specified to be pressure-treated material. 
They were embedded in the slab, exposed to the 
earth, and then embedded again in the footing. 
No pier was used. The resisting moment was 
generated by the frictional resistance and shearing 
resistance of the earth at the plane of the footing 
and the slab. The footing was proportioned to 
fulfill this purpose. 
The third system, the rigid pillar, was designed 
to take the full wind load of an 8 1 x 81 panel as a 
vertical cantilever. This was in contrast to the 
system from which is was adapted. In the 
original system, although the post was embedded 
in the concrete, it had not been proportioned to 
carry the load as a cantilever. This post was 
specified to be pressure-treated. 
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APPENDIX C 
Architectural Considerations and Methods of Assembly 
The data in this appendix supplements that 
presented, in the body of the report, relative to 
planning and assembly considerations and sets 
forth the reasons for decisions made and method~ 
employed in the comparative analysis of thP 
various systems. 
Planning 
Comparative Planning Flexibility.-To retain 
the greatest common degree of flexibility iP 
planning, . the following steps were taken: 
1. Flat-roofed systems were detailed as clear-
span systems, up and through the largest standard 
joist lengths that could be purchased without a 
cost premium. This resulted in a clear-span 
system at building spans of 16 feet. (Spans of 20 
feet were not clear-span since an overhang was 
desirable and since efficient use of interior mate-
rials dictates the 20-foot span be measured in-to-in 
of the plates.) 
2. Interior structural posts for ridge beams and 
quarter beams were spaced 16' o. c. This is 
applicable to the post-and-beam systems having 
members spaced at 4' o. c. and greater and to the 
longitudinal beam systems. In the 6' o. c. 
systems; posts for the ridge beam were spaced 
18' o. c. 
3. Systems that were primarily wall-framing 
systems were modified where necessary to support 
clear-span construction. 
Those systems that could not be arranged for 
full flexibility in planning are: 
1. Rafter and joist construction. 
2. Flat-roof joist construction at spans of 20 feet and 
greater. 
For structural calculations, these were considered 
in connection with a · central-bearing partition. 
This gave the most economical sizes for the joists 
but the least flexible planning. These systems 
were included without modification since they 
represented "conventional" construction. 
. Guides for Selecting Finish Materials.-(1) Ex-
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terior and Interior Finish.-It was necessary to 
establish minimum standards of finishing, joint 
treatment and overall appearance for the selec-
tion of interior and exterior finishes. Since no 
set of fixed standards could be devised that would 
be acceptable to all parties interested in residen-
tial construction, it was necessary to rely upon 
the previous experiences of the Small Homes 
Council. While no detailed study or quantitive 
analysis of public acceptance has been made, 
these experiences indicate that the following exte-
rior finishes are acceptable, though not equally so: 
1. Sheet materials with joints and nail lines battened. 
2. Striated materials with no joint treatment. 
3. Boards and battens. 
4. Tongue and groove materials with V joints. 
5. Lapped horizontal sidings of various materials. 
6. Shingles of various materials. 
7. Stucco and cement finishes. 
A similar list of interior finishes for walls include: 
1. Gypsum board with taped joints. 
2. Plank materials with beveled joints. 
3. Striated materials with no joint treatment. 
4. Sheet materials with no joints or beveled joints. 
5. Tongue and groove materials with V joints. 
6. Sheet materials with battened joints. 
7. Plastered finishes. 
Ceiling finishes include: 
1. Gypsum board with taped joints. 
2. Various tiles and acoustical tiles. 
3. Sheet materials with battened joints. 
4. Tongue and groove materials with V joints. 
5. Plastered finishes. 
In this study, wet finishes have not been con-
sidered or subjected to a cost analysis. While it 
may appear that this is a major omission, the 
trend since the last war has definitely been toward 
the dry-wall finishes. The advantages of these 
materials are well known and have been estab-
lished. The importance of the dry-wall finishes 
is not to be found in a direct cost comparison with 
plastered finishes but rather in the methods and 
techniques of construction that they allow. For 
this reason, this study has followed the trend and 
sought economies in framing through the use of 
sheet materials. 
The last few years have seen a -rash of new 
materials being marketed to the building industry. 
Some of these have been produced from the waste 
of other manufacturing processes, while others 
are the result of new chemical and mechanical 
exploitations of standard materials. A few are 
wholly new and different materials that have little 
previous experience in building construction. 
These various materials are marketed under a 
myriad of trade names with various claims made 
for each. Materials of the same basic ingredients 
manufactured under different trade names may 
have nearly identical physical properties and 
costs, or vastly different ones. Some of these 
materials are designed and marketed for a specific 
purpose while others are launched only as a "new 
building material." Basic technical data may or 
may not be available. These materials are diffi-
cult to evaluate from the manufacturers' litera-
ture. Cost information has been very difficult to 
obtain for some and, in some cases, the channels of 
distribution are not clear. 
For the purposes of this project, trade maga-
zines were reviewed regularly for new materials. 
Among the unusual materials that were noted, 
these few were of especial interest: 
1. A British Guiana hardwood (Mora Wood) 
for use as a framing and structural planking 
material. Modulus of elasticity-approximately 
3,500,000 p. s. i. Cost-approximately double 
domestic woods when delivered in this country. 
2. Dense fibreboard-possible roof sheathing 
material-not proven by test. Cost-plywood 
range. 
3. Sprayed on vinyl coatings-very nearly per-
fect vapor barrier. Elastic-will cover cracks and 
tolerate movement. Also usable as flashing and 
waterproofing material and as a roofing. Use 
of this type of product is expected to develop. 
Potentialities are only now being explored. Dis-
advantages-relatively high cost and heavy appli-
cation equipment. 
These and many other new materials were con-
sidered but none were found that offered a definite 
·cost advantage over the more usual building 
materials. 
In addition to appearance, there are other 
factors that influence acceptability. These are 
semistructural properties of the materials, such 
as resistance to abrasion, vibration, impact, 
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deflection between framing ribs and dimensional 
stability under variations in temperature and 
moisture content. Two of these-deflection and 
impact resistance of the exterior .finish-cannot be 
considered separately from the sheathing used. 
In February 1952 a materials pricelist was com-
piled from local sources for use in this project. 
With cost as the final criterion, all known sheathing 
and finishing materials were considered in the light 
of the previous discussion. This was done with-
out a detailed evaluation of the labor factor. 
This was possible since previous experience had 
indicated to what degree the labor factor might be 
expected to influence the "in-place" cost of these 
materials. In addition, it was found that a con-
siderable unit cost spread existed between the 
most economical materials and many of the others 
considered. Therefore, a valid decision could be 
made in many instances on a material-cost basis 
only. 
As a result of this survey of materials, a final 
choice was ma.de of the most economical combina-
tions of materials to be used on a framed wa.ll 
panel. These are : 
1. Framing members I6" o. c.: 
Interior: %" gypsum board with taped joints 
applied with long dimension horizontal. 
Sheathing: ~" x 4' x 8' fibreboard applied with 8' 
dimension vertical. 
Exterior: %" x 4' x 8' asbestos-cement sheets 
applied with 8' dimension vertical. Joints 
staggered from sheathing joint. I" x 2" wood 
battens at each nail line and joint. 
2. Framing members 24" o. c.: 
Interior: W' x 4' x 8' gypsum board with taped 
joints applied with 8' dimension vertical. 
Sheathing: %'' x 2' x 8' gypsum sheathing applied 
with 8' dimension horizontal. I" x 4" let-in 
bracing at corners. 
Exterior: Ys" asbestos-cement sheets applied with 
8' dimension vertical. I" x 2" wood battens at 
each nail line and joint. 
In the 16" o. c. wall, the interior gypsum board is 
applied horizontally since a slight advantage in 
joint taping may be gained through the use of 12-
foot sheets. In the 24" o. c. wall, as a further 
precaution against deterioration of the gypsum 
sheathing and buckling of the 1" x 4" braces, the 
interior gypsum is specified to be placed with the 
8' dimension vertical. 
It was also decided that for ceiling-finish ma-
terial, %-inch taped gypsum board would be used 
on framing members 16 inches o. c. and 1~-inch 
taped gypsum board would be used for members 
24-inch o. c. 
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The comparisons that resulted in the above de-
cisions were preliminary in nature. The total 
in-place costs were evaluated during the final cost 
analysis, as were the rna terials to be used at 
spacings of greater than 24 inches. 
(2) Doors and Windows.-The variation in cost 
would be expected to be the greatest in those 
systems that consist of thin wall sections, such as 
the plank bearing wall and the asbestos-cement-
fibreboard laminated panel. In these systems, it 
might be advantageous to use metal rather than 
wood windows. The rigid pillar and lateral girt 
system also results in a thin wall section, but the 
continuous lintel that is part of the framing sys-
tem would be expected to largely offset this dis-
advantage. This lintel results in considerable 
freedom in placing openings in the horizontal di-
rection but limits the vertical placement. It has 
been limited in depth to provide normal door 
heights. The trussed-bent system, since it sup-
ports the roof loads on interior posts, would not 
require lintels above openings. Among the other 
framing systems, there were no significant advan-
tages or disadvantages, and variations in the cost 
of opening framing would be expected to be small. 
In addition, it should be pointed out that in the 
average contemporary house, opening areas would 
be expected to run 30 percent or less of the total 
wall area. With the tendency toward large ex-
panses of glass, much of this area is concentrated 
in a relatively small length of wall which further 
reduces the influence of variations in the framing 
of openings. 
Further evaluation of the relative importance 
of this framing is left to the individual architect 
and builder who may consider each· framing sys-
tem in relation to his own specific operations and 
preferences as to type and location of doors and 
windows. 
(3) Vapor Barriers.-The need for vapor bar-
riers in residential construction is well-known, and 
the vapor permeability of many building mate-
rials has been evaluated by test. Generally, these 
are controlled tests that do not take into account 
the lack of continuity that probably exists in the 
barrier as applied in actual construction. This 
lack of continuity may result from the method of 
fastening to the framing members; the necessity 
of cutting around braces, wil'ing, switch boxes; and 
the method of attachment at the beginning and 
end of the run of the barrier. It does appear that 
the necessary effectiveness of a vapor barrier is a 
matter of degree and depends upon the severity 
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of the source of moisture, upon the vapor perme-
ability of other materials in the construction that 
are not intended as vapor barriers, and upon the 
degree of damage that is possible should conden-
sation occur. 
In this study, the vapor barrier has been pro-
vided for framed construction as an integral part 
of the insulating batt. There is undoubtedly 
some vapor transmission at the joint between 
batts just as there is at wall-board joints where 
the vapor barrier is an integral part of the wall 
board. Neither of these methods offer adequate 
protection where the source of moisture is severe. 
For a more severe case, blanket insulation with 
vapor barrier or the provision of vapor barriers on 
both insulation and wall board might be necessary. 
The most difficulty in providing a vapor barrier 
for any framing system was encountered with the 
post-and-beam systems. In the systems that 
utilize plank sheathing exposed as a finished ceil-
ing, the vapor barrier cannot be placed on the 
warm side of the planking. The possibility of 
any protection from applied finishes is also mini-
mized since this construction is not ordinarily 
painted. The need for a vapor barrier is espe-
cially critical when a built-up roofing is used. 
Since this roofing is an excellent vapor barrier in 
itself, any vapor that does penetrate through the 
ceiling will be trapped and may condense. The 
possible results are severe: rotting of the plank and 
insulation, and blistering of the roofing. The 
common approach to this problem and the one 
used in this study consists of a two-ply, hot-ap-
plied vapor barrier between the planking and the 
rigid insulation. Sufficient insulation must be 
used to raise the dewpoint temperature to a posi-
tion somewhere between the vapor course and the 
built-up roof, this must be done regardless of the 
heat loss involved. In those areas where the 
outdoor design temperature is sufficiently high 
that the planking provides all the insulation 
needed, the rigid insulation would still be re-
quired to keep the dewpoint temperature outside 
of the plank. In this manner, the insulative value 
of the plank is nullified for such locations. 
The asbestos-cement-fibreboard panel that was 
used in conjunction with the post-and-beam 
systems has a vapor transmission rate of 2.525 
grains per square foot per hour per inch of mer-
cury-vapor pressure difference. This is in excess 
of the usually recommended value of 1.0 to 1.25 
grains. However, one manufacturer of these 
panels recommends his product as adequate for 
ordinary usage with the stipulation that the 
interior surface be painted for increased vapor 
resistance in uses where humidities of higher than 
50 percent will be encountered. While painting 
achieves a greater continuity than is usual in 
vapor barriers, it should be pointed out that 
the type of paint must be specifically chosen if it 
is to function as a vapor barrier. An evaluation 
of the manufacturer's statement noted above was 
not possible within the scope of this project. 
(4) Curtain Wall Materials.-A condensation of 
the manufacturers' literature for curtain wall 
materials suitable for residential construction is 
included in appendix E, and certain specific 
problems of these materials have been discussed 
in previous sections. 
These materials eliminate, between the primary 
structural posts, the framing ribs of conventional 
construction. They are called upon to perform 
this structural function and to provide insulation, 
vapor barrier, and finish materials. In the solid-
core materials, the core carries the shear under 
transverse loads and this structural action is a 
function of the density of the core. At the same 
time, the insulative value of the panel is inversely 
proportional to the density of the core. There 
also appears to be a general relation between 
cost of the materials and density-they are 
directly proportional. This restiits in the design 
of these panels becoming an unea.sy compromise 
between structural strength and insulative value, 
with the structural strength being the more 
costly of the two to acquire. Among the possible 
coverings for the core, there appears to be a 
direct relation between cost and structural 
strength. A rough idea of these relationships 
may be illustrated by comparing spans of 4 and 
8 feet. A panel, 1 Ys inches thick, is capable of 
spanning 4 feet when supported on all four edges 
and may be purchased for 40 cents a square foot. 
For insulation it has been necessary to use the 2" 
thickness of the same product at a cost of 51% 
cents a square foot, still without providing either 
insulation or a vapor barrier equal to a framed 
panel. To provide a clear span of 8 feet when 
supported on two edges, a honeycomb core or a 
structural plastic panel is necessary at respective 
costs of $1.30 and $2 per square foot. Neither 
of these contains insulation. As a result of this, 
curtain-wall materials were used .only on 4-foot 
spans and the chosen rna terial was the 2-inch 
asbestos-cement-fibreboard laminate. 
This material requires H~-inch bearing on all 
four edges and X-inch tolerance between butted 
panels. This requirement, plus the wind carried 
by the panel, fixes the post size and the choice 
must be made between posts exposed on the 
interior or on the exterior. Here another basic 
conflict exists between the aesthetic preference 
for exposed posts on the exterior and the need 
for bearing which calls for the posts on the interior. 
Although these panels may be routed, notched or 
cut, the edges are factory-sealed against moisture 
and should be re-trea.ted if cut. In addition, if 
notched or routed, the edges of the asbestos-
cement facings are very easily damaged. For 
these reasons, the bottom edge of the panel has 
been left square and the resulting joint at the 
sill must rely upon flashing and caulking for a 
tight weather joint. This and other details are 
shown in chapter V. The construction shown 
follows fairly closely to the manufacturers' 
recommendations. No suggestions for improve-
ment can be made for this detail that would not 
result in a widening of the gap between this and 
conventional construction. The final evaluation 
of this system is presented in the Cost Analysis 
phase of the report. 
Two structural plastic panels were purchased 
during the project. These panels are made of 
resin impregnated paper and consist of two 
prefinished faces separated by ribs of the same 
material. This type of panel was the only one 
noted that provided pre:finished skins. According 
to the manufacturers' recon1mendations, it is 
capable of spanning 8 feet as a curtain wall or 
roof panel. The panel is rabbeted on the two 
long edges to receive non-structural splines. 
These panels were not received in time to fully 
evaluate the architectural and structural possi-
bilities of this unique material. The only thing 
to report at this time is that bowing has occurred 
in one panel which has been exposed to the 
weather. Evaluation of the other factors is 
planned for a later date. At the present, prod-
ucts of this type are not competitive with framed 
construction. 
(5) Heating, Plumbing, and Wiring.-The latest 
developments in heating have largely eliminated 
the influence of the framing system upon the heat-
ing system for residential construction. These 
developments have resulted in a trend away from 
the overhead delivery systems which required 
attics or furred-down spaces for concealment of 
the ducts. With the counter-flow furnace, deliv-
ery is accomplished below the floor, either through 
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ducts imbedded in the slab or running in the 
crawl space. It may also be delivered by using 
the crawl space as a plenum with only stub ducts 
below the furnace. In the final drawings of this 
report and in the cost analysis, sufficient insula-
tion has been placed around slab and foundation 
walls for use with these delivery systems. This 
is justified since there are indications that these 
systems insulated as shown in the drawings, 1 
have superior comfort characteristics and may 
be cheaper in installation than the overhead 
systems. 
If individual preferences and local conditions 
dictate the use of an overhead delivery system 
for hot air, some rearrangement of the ' insulation 
may be desirable and the relative difficulties of 
providing duct space with each system will have 
to be evaluated by the individual. If a hot-
water system is used, radiant baseboard units will 
minimize interference with the framing. 
Horizontal plumbing line runs may be installed 
in the same general manner as with heat ducts 
and without interference from the framing system. 
Vertical runs in interior partitions may also be 
installed in the usual manner. Vertical runs, 
such as vents in exterior walls, may cause some 
difficulties with the thin, wall sections but these 
may be solved by furring-out or by concealment 
in a closet, etc. Planning of the plumbing lay-
out in relation to the framing system will, of course, 
avoid many problems. 
Wiring runs appear to be influenced most of all 
by the framing system. Solutions are possible 
for any system, but the cost and difficulty of the 
solution must be evaluated by the builder and the 
architect. Ceiling fixtures are a. major problem 
in the post-and-beam systems where the roof 
shea thing is also the ceiling finish rna teria.l. This 
is the case where tongue and groove planking, 
prefabricated panels, or any of the sandwich 
panels are used. The detailing of the rafter-to-
ridge connection shown in figure 9 allows the con-
cealment of wiring on top of the ridge beam. 
This results in considerable flexibility in the plac-
ing of cove fixtures, but the location of wall 
switches for these fixtures is limited. 
The longitudinal beam system does not allow 
this detailing since the sheathing material bears 
directly on the beveled beams. An attempt has 
been made to minimize these difficulties through 
the use of a rigid insulation that has a notched 
edge on all four sides of the panel. It is not 
I Cb. v, p, 43. 
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expected that wiring could be installed as eco-
nomically as in conventional framing, but the 
notching does make more flexible wiring possible. 
The difficulty of making wiring runs is considered 
to be a real disadvantage of these systems. 
Convenience outlets at the floor level provide a 
similar problem for the solid-core sandwich panels. 
This can be solved by replacing the core at the 
panel bottom with a metal box section. It can 
also be solved through the use of "plug in" metal 
baseboards, by notching the panel for wiring 
and covering this with the baseboard, or through 
the use of special baseboards with a rabbet. All 
of these conceal the wiring. 
These methods have not been evaluated as to 
cost but none of them appear to be as economical 
or as flexible as the conventional method used 
with framed panels and they represent additional 
expense that must be justified. 
Test Building and Observations During Construction 
Experience has shown that structural and 
architectural details which are formulated in the 
drafting room do not always prove satisfactory 
when they appear in actual construction. It has 
been an accepted tenet of construction in wood 
that cutting, fitting, and the alteration of details 
will be necessary on every job. The necessity 
for these practices result from one or a combina-
tion of the following items: 
1. The dimensional instability of wood and the toler-
ances allowed in milling. 
2. The ability of the mechanics and their foreman to 
understand working drawings and verbal in-
structions. 
3. The completeness, workmanship, accuracy, and 
degree of realism embodied in the working 
drawings. 
4. The skill of the mechanics and the accuracy of their 
tools. 
5. The availability of the specified materials. 
6. Coordination of the trades involved. 
In an effort to minimize the need for these 
practices and to insure that details perform their 
function satisfactorily, a program to test construc-
tion details was necessary and desirable. 
In addition, a survey of cost data. sources, that 
was proceeding simultaneously with the structural 
calculations, indicated that serious gaps existed 
in available cost data. Of primary importance 
was the lack of data concerning trusses and frames, 
and a differentiation in data. for different types 
of assembly and methods of connection. Since 
it was obvious that some cost advantage might 
be gained in the assembly and erection of framing, 
cost information was needed to fill this gap. 
For these reasons then, a test building was 
developed and construction was begun in the early 
summer of 1952. Photographs showing this build-
ing and some of the framing systems tried during 
various stages of construction are included in 
chapter III. 
In addition to the time-data recorded during 
the construction of this building, much informa-
tion was obtained on the problems and difficulties 
that were inherent in the various systems, methods 
of construction and materials that were used. 
Materials.-1. 1,100 p. s. i. material is probably 
adequate from an appearance point of view for 
the exposed parts of the post and beam systems 
since the general effect of these systems is rustic. 
In the large sections used, checking and splitting 
will probably be present regardless of grade. 
2. Shrinkage in the tongue and groove planking 
was a problem. Some builders were contacted 
who had abandoned the use of such material 
until there was an improvement in the available 
material. The appearance factor can be improved 
through the use of V joints. Some builders have 
also used sections in which the tongue was deeper 
than the groove, while others have used 2 x 4's 
rather than larger sizes to minimize the opening 
at each joint. All of these improve the situation 
somewhat. 
3. Twist in posts, especially in the long lengths, 
made accuracy of precutting impossible and caused 
trouble in plumbing the post. 
4. Pressure-treated material was used in several 
systems. It was necessary to wait longer for this 
material than any other. End penetration of 
posts was good. Penetration in the side grain 
amounted to one-sixteenth inch or less, and under 
heavy rains the surface salts washed off in con-
siderable quantity, staining the foundations. The 
color and the appearance of the pressure-treated 
material are not satisfactory for exposed construc-
tion. If it is necessary to square the post, the 
protection at the end .grain is reduced or lost. 
These experiences raised some questions as to the 
suitability of this material for the rigid post and 
lateral girt system and also cast some doubt on 
the true effectiveness of pressure treating as it is 
done commercially. 
5. The asbestos cement board used, as expected, 
required some care to prevent breakage and crack-
ing during handling. Many of the asbestos-
cement-fibreboard panels, as delivered, were 
broken at the corners, and due to their weight, 
they were difficult to handle without further 
breakage. 
lVorkmanship.-The union carpenters employed 
on the project were younger than average, inter-
ested in the work, and cooperative. They were 
able to get most of the information from the 
drawings furnished. Calculation of dimensions 
that were not given directly on the drawings 
caused slight slowups. The workmanship was 
generally good and the carpenters furnished many 
valuable suggestions. 
Power Equipment and Tools.-The Small Homes 
Council recommends the following power equip-
ment, or its equivalent, as the minimum necessary 
for residential construction: 
1. 10-inch, radial-arm saw. 
2. 6-inch or 8-inch, hand, power saw. 
3. 6-inch joiner. 
4. ~~-inch, slow-speed drill. 
All of this equipment, with the exception of the 
joiner, was used during this project. The carpen-
ters were familiar with the operation of all equip-
ment and had no objections to its use. Some 
operations that would normally be accomplished 
with power equipment were done with hand tools 
where only a small number of pieces were involved. 
The 8-inch hand-power saw used was the least 
satisfactory of the power equipment. This saw 
was a heavy duty model. It was generally too 
heavy and c1umsy for the most efficient accom-
plishment of light work such as cutting sheathing, 
etc., but it did have sufficient power to do heavier 
work such as the ripping of 2-inch material, etc. 
It was apparent that, where power equipment as 
listed is available, the true value of the hand-
power saw is in its lightness and maneuverability. 
The heavy duty saw probably has its greatest 
value where no bench or table saw is available. 
The 10-inch, radial-arm saw performed satisfac-
torily and was especially valuable for bevels and 
ripping. The power equipment outlined here is 
based on the use of 2-inch material. 
In the post-and-beam systems, the most efficient 
use of the material calls for 3- and 4-inch thick-
nesses. None of the saws used during construc-
tion were adequate for this work. Cros_scutting 
and notching were done with handsaws. Bevel-
ing and ripping were done by a woodworking shop 
and the systems were charged accordingly. It is 
apparent that the large-scale production or pre-
fabrication of these systems would require a 
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greater capital investment in heavier power equip-
ment. (It has been noted with interest that, very 
recently, the prefabrication of a post-and-beam 
house has been undertaken by a builder who has 
used this system successfully in custom-built work. 
It is not known if this prefabrication includes the 
timber frame or whether it is confined to curtain 
wall, roof, and floor panels.) The one-half-inch 
slow-speed drill was used, in connection with a 
cutter head, for the routing of the split-ring 
grooves and performed this task well. 
Methods of Construction.-Rajters and Joists.-
Rafters were precut. Joists were erected first and 
used as scaffolding for erection of rafters. 
Trusses 2' and 4' o. c.-These trusses were pre-
cut, preassembled and assembled according to the 
method that had previously been developed and 
published as the Small Homes Council "W" truss. 
The pattern of these trusses is shown in figure 5. 
The subassembly process consisted of the assem-
bly of two identical heel joints and a peak joint 
(no lefts and rights). Final assembly, as with 
other trusses, was accomplished on a plywood 
platform that was used to simulate a subfloor. 
The jig consisted of chalk lines laid out on the 
plywood with two 2" x 4" blocks to mark the 
plate positions. Final assembly consisted of nail-
ing the lap splices in all chords and the nailing of 
the diagonals. Th~ trusses were erected by hang-
ing them upside down on the wall plates and then 
rotating them to the vertical position where they 
were spaced and nailed to a spacer board running 
between trusses. The 4' o. c. trusses utilized 
metal .. framing anchors as connections for the 
diagonals. These were difficult to apply. Since 
no cost advantage was found in this system, no 
structural tests have been made. The desigfl 
shown in figure 6 is not rec·ommended until such 
tests are made. 
Trusses 6' and 8' o. c.-These trusses were 
almost identical in design. The forces involved 
were too great to be handled efficiently by nailing, 
and split rings were used throughout. Any tri-
angulated frame of this type cannot be precut and 
predrilled from drawings alone since errors may 
make assembly difficult. 
The method used throughout this project was 
as follows: Members for one truss were precut 
and/or predrilled only to the extent that one point 
on each member was fixed. The necessary jig 
was laid out and the partially precut members 
were used to lay out a pattern truss. All cuts 
and ring locations were marked directly on the 
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members in the jig. The truss was then disas-
sembled and these members were used as patterns 
for the precu tting and predrilling of members for 
the remaining truss. 
The following precautions are necessary. In 
marking ring locations at lapped joints, the mem-
bers were tacked temporarily to prevent move-
ment. The centerline intersection of the members 
was marked by drilling through the top member. 
The drill must be kept vertical. This was ac-
complished by having one carpenter do the drilling 
while the other carpenter instructed him as to 
the position of the drill. (Note that this is neces-
sary only on the pattern truss.) In cutting the 
members for the remaining trusses, any noticeable 
crown was placed in the same direction as on the 
pattern. The same pattern was used for all trusses 
to prevent cumulative errors. Lefts and rights 
were drilled and cut in pairs. With these pre-
cautions, only minor assembly difficulties due to 
misfits were encountered. The extra care and 
precautions in the assembly of the pattern truss 
are well worth the investment in time, especially 
since this cost may be prorated over a number of 
trusses. 
The 6' o. c. trusses were assembled with spaced 
columns attached. A temporary knee brace was 
placed to prevent the bent from collapsing lat-
erally. The bent was tipped up with one carpen-
ter at each column and a laborer with a pole at 
the center of the span. The 8' o. c. trusses were 
erected in the usual manner on walls already in 
place. No significant difference in erection time 
was noted and the usual method was chosen since 
the difficulty of making the column connection 
created an eccentricity in the truss heel joint and 
also limited the possible column sizes to be used. 
It should be pointed out that as the spacing 
increases, the difficulty of spacing and fastening 
the truss top chords increases since the carpenter 
cannot utilize the trusses already in place as 
scaffolding. It was therefore necessary to use a 
large safety ladder and to move it as each truss 
was erected. 
Pnst and Beam Systems.-These, on the whole, 
were assembled· and erected in a conventional 
manner. The center posts and ridge beam were 
erected first, the ridge being raised by a block and 
tackle. Exterior posts were then erected, and then 
rafters. This requires considerable bracing for the 
individual posts. At 8' o. c., spaced 2-inch rafters 
were used. These were fastened to the post with 
split rings, and post and rafters were subassembled. 
This proved unsatisfactory and they were eventu-
ally assembled in place with the ridge joint being 
made first. 
3-Hinged Arch.-These were assembled com-
pletely on the ground and tipped into place. This 
worked well although it was necessary for the 
angles that fastened these assemblies to the 
foundation to be placed with considerable ac-
curacy. 
Tip-up Walls.-Walls were framed, sheathed 
and the siding applied while on the subfloor. 
Most difficult problem in tipping up walls exists 
in slab construction where the wall bottom plate 
must be accurately drilled to take the anchor bolt 
when the wall is tipped. Considerable difficulty 
has been experienced with this problem before. 
The most practical solution known is to notch the 
plates on the inside edge. This notch may be 
cut with considerable tolerances and a steel plate 
washer used to secure the wall in place after it is 
tipped up. When this method is used, a final 
check on the tightness of these bolts should be 
made immediately before application of the in-
terior wall finish. 
Many other solutions were considered and a few 
were tried. These mainly consisted of efforts to 
use power-driven studs to fasten the plates to 
poured concrete. While tests exist for these studs 
that could be used to establish an uplift value, no 
tests on lateral shear were found. One of the 
most secure fastenings achieved was by driving 
these studs through a light metal channel of the 
proper size to receive the plate. The plate was 
then nailed through the channel. With this 
method it was possible to pull the solid blocks 
from a masonry unit wall without any indications 
of failure in the plate. While this method seemed 
to have potentialities from the structural point of 
view, it was abandoned since the use of the channel 
was comparatively expensive and it was expected 
to create condensation problems on the interior 
surface of the wall. 
Framed Curtain Wall Panels.-Panels 6' x 8' 
and 8' x 8' were built to be used with the post 
and beam systems (figs. 10-14). This detailing 
allowed the panel studs to act as an uplift connec-
tion for the post-beam connection and also trans-
ferred the shear due to wind loads on the side walls 
directly to the plane of the sheathing. 
These panels were built using 1 x 4's at 16" o. c. 
This was accomplished through the use of a rough 
jig of l-inch boards nailed to a frame and elevated 
to working height on horses. A 2" x 4" on edge 
was nailed at each side of the stud spaces. The 
1 x 4's were precut and placed in the jig which 
straightened any bow in the members. One b:y 
four-inch plates were applied. Sheathing was 
applied in 4' x 8' sheets and nailed along the out-
side edges of the panel, with one additional nail 
at each corner of the sheet. The asbestos-cement 
was then placed; chalklines were snapped; and 
both materials were nailed simultaneously except 
for the outside edges of the asbestos-cement panel 
which was not nailed in order to avoid an exposed 
nail line. Both of these materials projected be-
yond the outside edge of the panel in order to 
cover the structural post when the panels were 
erected. (Although they were not used in these 
experimental panels, battens would normally be 
applied at this same time.) The panels were then 
removed from the jig. It was found that on the 
average, 3 to 6 out of approximately 150 nails 
driven on each panel missed the stud. This was 
considered insignificant. 
These panels were sufficiently light that they 
could be handled easily by the two carpenters. 
Since they contained projections at the edges, 
they were inserted into the structural frame from 
outside of the building. The tolerances on these 
panels were sufficiently close that they could not 
be tipped-up, but they were carried and inserted 
while in the vertical position. Final tolerances in 
the vertical plane were taken up by driving 
wedges. These were small and caused no diffi-
culty. The panel was then nailed to the post, 
sill plate, and sheathing. The asbestos-cement 
was then nailed through the sheathing to the post. 
This joint could now be battened without expos~ng 
any nail lines. 
In applying the interior finish to these panels in 
place, some departure from the conventional 
method is needed in order to nail to the l-inch 
stud. It is suggested that, after the panel is in 
place, the location of each stud be marked on the 
sole plate and on the exposed roof sheathing, and 
that the wallboard be applied horizontally, the 
bottom sheet first. The top sheet may be sup-
ported on the first sheet while a nailing guide is 
marked. This will require that tolerances be 
taken up at the intersection of the roof and wall 
with a moulding. It will also be necessary that 
the interior finish be notched around the exposed 
beams. 
Subsequently, it was determined during the 
Cost Analysis phase of- the project that no savings 
in cost were achieved by walls built in this manner 
117 
when compared to tip-up walls. While slight 
savings were made in the material through the 
use of 111 x 411 studs, these were offset by the neces-
sary labor involved. It may, however, be that 
the method outlined here would be advantageous 
to the builder engaged in large-scale production. 
The lightness of the large panels is an advantage 
in handling and an investment in more elaborate 
jigs might be expected to reduce labor costs. 
The application of the interior finish is still a 
problem for which a better solution should be 
sought. 
Vertical Plank-Bearing Walls.-These were built 
from 2- and 3-inch, tongue-and-groove material. 
They were assembled in 61 x 81 sections on a work-
ing height platform. Wedge-shaped blocks were 
nailed to this platform approximately 6 feet apart 
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and the plank was laid in between. Top and 
bottom edges of the plank were straightened, and 
then wedges were driven between the blocks and 
the plank until all joints were brought up tight. 
Reflective insulation was then applied and 1" x 2" 
strapping was applied at right angles to the plank. 
The 6-foot section of wall was tipped-up from both 
inside and outside of the building. It was found 
that this operation was much easier from the out-
side and that a 6-foot section was the maximum 
that could be efficiently handled by three men. 
Since these panels were exceedingly heavy, it is 
suggested that the platform be moved along as the 
erection of the wall progresses. As each section 
is tipped into place, it must be driven tightly 
against the other sections and additional strapping 
placed to hold the sections together. 
APPENDIX D 
Supplemental Unit Costs 
This appendix presents: 
Unit costs (100 square feet of floor area) of roof 
sheathing and finish roofing materials for 24-foot 
span which, on a comparative basis, were shown 
to be higher than other methods, and were elimi-
nated. 
Unit costs (100 square feet of floor area) of 
primary roof framing, floor framing, and founda-
tions for 16- and 32-foot spans for pitched and 
flat roof construction, with members spaced 2' o. c. 
Unit costs for concrete masonry units in founda-
tion walls. 
UNIT COSTS 
Roof Sheathing-24' Span 
PITCHED ROOf.-3/a" plywood, supported 2' e. c. 
Material 
Sheathing grade 
plywood BD. 
Size 
%" x4' x8'. 
Quamitv 
105 
Units 
Sq. ft_ __ _ 
Unit price C01t 
$0. 18 $18. 90 
Nails.------------- Pound __ _ .13 .13 
Material, 100 sq. 
ft. roof. 
1.25X19.03=23.80, cost, 100 sq . ft.tloo_r area ____________________ _ 
If purlins were used: 2' o. c. and 8' long (maximum) 
Purlins ____________ 2'' x 4" x 8' --- 37. 8 BFM_ ___ .145 
Framing anchors __ 34 x 100/240___ 14. 17 Each_____ .111 
Material, 100 sq. -------------- ________ _ __ ______ _ 
ft. roof. 
1.25X7.06-8.80, cost, 100 sq. ft.tloor area ______________________ _ 
Total material, 100 sq. ft. of tloor: 
No purlins ___ ____________________ _________________________ _ 
With purlins . _ ------ - ---- - - - ----------------- - ----------- -
Labor Man-hours Hourtv rate 
Carpenter ___________________ ___________ _ 0. 75 $2.50 
Labor __ --------------- - --- - ---------- __ _ . 225 1. 50 
Labor, 100 sq. ft. roof area ._--- - - - ------- - --------- --- -- - ----- -
Carpenter (purlins) ---------------------- 1.18 2. 50 
19. 03 
23. 80 
5.48 
1. 57 
7. 05 
8.80 
23.80 
32.60 
C01t 
$1.875 
.337 
2.212 
2.95 
Labor, 100 sq. ft. roof area. __ ---- - --------- - -----------------__ 5. 162 
Total labor, 100 sq. ft . oftloor: 
1.26X2.212 (no purlins) ___ _ - -·-- - --------------- ------------ 2. 760 
1.25X5.162 (with purlins) _ _ ___ _____ _ _ _ __ _ _ _ _ ___ _ _ _ _ _ _ _ _ __ _ _ 6. 450 
Total Material and Labor/100 sq. ft. of tloor: 
No purlins ____________________ _____ _____________________ _ 26.56 
39.05 With purlins . ____________ "-- ____________ _______________ _ 
FLAT ROOF.-3fa" plywood supported 2' o. c. 
Material 
Sheathing grade 
plywood, BD. 
Nails _____________ _ 
Size 
~"X 4' X 81 • 
Quamitv Units 
105 Sq. ft . __ _ 
1 Pound __ _ 
Unit price COlt 
$0. 18 $18. 90 
.13 .13 
Material, 100sq. ft. -- ------------ 19. 03 
of roof. 
Total material, 100 sq. ft. of tloor area (1.17X19.03) ___ ______ ____ 22.265 
FLAT ROOF.-3/a" plywood supported 2' o. c.-Continued 
Labor 11-fan-hours Hourlv rate 
Carpenter_------ -- ---------------------- 0. 75 $2.50 
Labor. __ ----------------------------____ . 225 1. 50 
Labor, 100 sq. ft . roof area . __ ---------------- - -------~--------­
Totallabor, 100 sq. ft. of floor area (1.17X2.212) __ ------------
Cost 
$1.875 
. 337 
2. 212 
2. 588 
Total material and labor- ----- ____________ _ ---- __ __ -- ____ -- 24. 853 
PITCHED ROOF.- 2" S4S supported on trusses 4'0" 
Material Size Quantitv Units Unit price Cost 
2'' S4S sheathing __ 2" x 6" __ ___ __ 228 BFM ____ $0.145 $33. 060 
Nails _______ ___ ___ _ 10d,common. .95 Pounds ... 13 .124 
Material, 100 sq. ft. roof. _______________ ______ ______ _____ __ __ ___ __ 33. 184 
Total material, 100 sq. ft. of floor area (1.25X33.184) ___ _____ __ _ 41.45 
Labor Man-hours HourZ11 rate 
Carpenter~ ___ ___ ____________ -- ___ --_---- 1. 740 $2.50 
Labor _______ _______________ _____ ___ ____ _ 
. 643 1. 50 
Labor, 100 sq. ft. roof area . __ - ------------ -- - ----- - - - - -- - - - --- -
Totallabor, 100 sq. ft. oftloor area (1.25X5.315) . - - ------- - ---
Total material and labor---------------- - ------------- - ----
PITCHED R00f.- 3A" plywood, supported 4' o. c. 
Material Size Quantitv Units Unit price 
Sheathing grade ~"X 4' X 8' __ 105 Sq. ft. ___ $0.33 
plywood BD. 
Nails .. ____________ 
--------------
Pound ___ 
.13 
Purllns (blocking) _ 2 X 4--4'----- - - 18. 75 BFM ____ .145 
Framing anchors (36 X 100/256) .. 14. 06 Each _____ . 111 
Cost 
$4. 35 
. 965 
5. 315 
6. 65 
48.10 
Cost 
$34. 65 
.13 
2. 72 
1.56 
Material, 100 sq. ft. roof area______ _______ __________ _______ ________ 39. 06 
Total material, 100 sq. ft. of floor area (1.25X39.06) _______________ 48. 85 
Labor Man-hours Hourlv rate Cost 
Carpenter_------ - ----- -- ---------------- 1. 0 
1.2 
Labor _____ ------------------------------
2. 2 
.3 
$2. 50 
1.50 
$5. 50 
. 45 
Labor, 100 sq. ft . of roof area . ________________________ ---------- 5. 95 
Total labor, 100 sq. ft . of floor area (1.25X5.95) _ -------------- 7. 445 
Total material and labor______________ ______________________ 56.295 
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PITCHED ROOF.-2" asbestos cement-fibreboard laminate; purllns 4' o. c 
Material Size Quantitv Units Unit price Cost 
8 purlins ___ ____ ____ 3 X 3-4' .. ------ 24 BFM .... $0.15 $3.60 
4 asbestos cement- 211 X 41 X 8' --- 128 Sq. ft_ ___ . 515 65.92 
fibre board lami-
nate panels. {12d ___________ 
. 8 Pound ___ .13 .104 Nails__ ____________ 12d, galva- 2.35 .. do _____ .18 .423 
nized. 
Material, 120 sq. ft. roof. area_________________________________ __ 70. 047 
Total material, 100 sq. ft. of floor area (1.25Xl00/120X70.047) ____ 73.00 
Labor ~\fan-hours Hourlv rate Cost 
Carpenter _______________________________ { !:~ $~::} $5.875 
LaJ;>or_______ ____________________________ .25 1.50 . 375 
Labor, 120 sq. ft. of roof area ___ _____ ___________________ -------- 6. 250 
Total labor, 100 sq. ft. of floor area (1.25Xl00/l20X6.25)_ _ ________ 6. 510 
Total material and labor _______________________________________ 79. 51 
Finish Roofing-24' Span 
PITCHED ROOF.-Selvage-edge, mineral surface roofing 
Material Size Quantitv Units Unit price Cost 
# 30 felt . ____ ______ #30 __ _______ __ Square ___ $1.85 $1.85 
Mineral surface 
------ --- -----
.. do _____ 6.480 
roofing. 
Steep asphalt ______ 
--------------
1. 73 Gallon ___ . 72 1. 25 
Nails and disks ____ %",galva- .60 
nized. 
Material, 100 sq. ft. roofarea._ __________________________________ 10.180 
Total material, 100 sq. ft. floor area (1.25X10.18) _________________ 12.72 
Labor Man-hours Hourlv rate 
Foreman ___ _______ ___________________ __ _ 0.36 $2.75 
Roofer (carpenter) ________ __ _____ __ _____ _ 1. 44 2. 50 
Labor, 100 sq. ft. of rooL _____ ____ _______________ --------------
Totallabor, 100 sq. ft. of floor area (1.25X4.59)_ ----------------
Total material and labor ___ ----------------------- -- --------
Primary Roof Framing-16' Span 
PITCHED ROOF.-Trusses 2' o. c.; king post-all nailed 
Cost 
$0.99 
3.60 
4. 59 
5. 74 
18.46 
Material Size Quantitv Units Unit price Cost 
2-2'' X 6
11 
X 14
1 
) j ~-33l 2-2''x4"xl0' _____ l,lOOp.s.L_ _ 1.33 BFM ___ _ $0. 145 $6. 18 
1-111 X 411 X 41 ---
42.66 
Nails _____________ _ 
.4 Pound __ _ 
Framing anchors __ 2 Each ____ _ 
Material per truss 
Floor area-16X2=32 sq. ft. 
. 130 
.111 
.052 
. 222 
6.454 
Total material, 100 sq. ft. of floor area (100/32X6.454) ____________ 20.17 
Labor Man-hours Hourlv raJe 
Carpenter_ ______________________________ 1.18 $2.50 
Laborer__________________________________ .109 1.50 
Labor truss _______________________________ · ____________________ _ 
Total labor, 100 sq. ft. floor area (100/32X3.11) ______________ _ 
Total material and labor ____ ______________________________ _ 
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Cost 
$2. 95 
.1.6 
3.11 
9. 72 
29. 89 
FLAT ROOF.-Jolsts and rafters 24" o. c. 
Material Size 
1 rafter ___ ------___ 2 x lQ-18' ____ _ 
Quantitv 
30 
Units 
BFM ___ _ 
Unit price Cost 
$0. 145 $4. 35 
(No bearing par-
tition required.) 
Nails _____________ 12d ... -------- 0.1 Pound __ _ .13 .013 
Material, 2ft. bay 
Floor area=2X16=32 sq. ft. 
Total material, 100 sq. ft. of floor area (100/32X4.363) __________ _ 
Labor Man-hours Hourlv rate 
Carpenter _____ -------------------------- 0. 3556 $2.50 
Labor_ __________________________________ .125 1. 50 
Labor, 2ft. bay _______________ ________ -------------------------
Total labor, 100 sq. ft. of floor area (100/32X1.077) -- ----------
Total material and labor __________________________________ _ 
Primary Roof Framing-32' Span 
PITCHED ROOF.-Trusses 2' o. c. 
Material Size Quantitv Units Unit price 
2 upper top chords. 2x6-12'------ 24 BFM ____ $0.145 
2 lower top chords_ 2x6-14'-- ---- 28 BFM ____ .145 
2 bottom chords ___ 2x4-18' ______ 24 BFM ____ .145 
1 short diagonaL __ 2x4-10' ______ 6.67 BFM ____ . 145 
1 long diagonal ____ 2x4-18' ______ 12 BFM ____ .145 
94.67 BFM ____ .145 
Lateral bracing ____ 1 X 4-41- - - - --- 1.33 BFM __ __ .135 
Split ring oonnec- 2~"---------- 3 Each _____ .111 
tors. 
{~"X 8"------ .. do _____ .115 Bolts ______________ 
~" x5~"---- 2 .. do _____ .081 
Washers ____ ___ ____ ~"----------- 6 __ do _____ .0125 
Framing anchors __ 
--------------
4 .. do _____ .111 
Nalls ______________ 1Qd ___________ 1.11 Pound ___ .13 
4.363 
13.65 
Cost 
$0. 889 
.188 
1. 077 
3. 37 
17.02 
Cost 
$13.727 
.180 
.333 
.115 
.162 
.075 
.444 
.144 
Material, truss __________________ ---- ____________ ___ __ ------ ___ ---_ 15. 185 
Floor area=32X2=64 sq. ft. 
Total material, 100 sq. ft. floor area (100/64X15.185) _________ _____ 23.70 
Labor Man-hours Hourlv rate 
Carpenter_-----------------·------------ 1. 540 $2. 50 
Labor ___ -------------------------------- .150 1. 50 
Labor, truss ______________________ -----------------------------
Total labor, 100 sq. ft. floor area (100/64X4.075) X6.370 
Cost 
$3.85 
0.225 
4. 075 
Total material and labor __________ ------------------------- - ---- 30.07 
FLAT ROOF.-Jolsts and rafters 2' o. c. 
Material Size Quantitv Units Unit price Cost 
2 rafters ___________ 2 X 1Q-18'----- 60 BFM ____ $0.145 $8.700 
1 bearing plate _____ 2 X 4-2'------- 1.33 BFM ____ .145 .193 
Nails .. ______ ------ 12d ___________ .2 Pound ___ . 13 . 026 
Materlal/2' Bay _____________ ------------------------------------- 8. 919 
Floor area=2X32=64 sq. ft. 
Total material, 100 sq. ft. of floor area (100/64X8.919) ____________ 13. 950 
Labor 1\fan-hours Hourlv rate 
Carpenter __ ----------------------------- 0. 60 $2.50 
Labor ___ ---------------------- ---------- . 175 1. 50 
Cost 
$1.500 
. 263 
Labor, 2ft. baY------------------------------------------------- 1. 763 
Total labor, 100 sq. ft. of floor area (100/64X1.763) _____________ 2. 755 
Total material and labor____________________________________ 16. 705 
Floor Framing-16' Span 
FLAT OR PITCHED ROOF.-Jolsts 2' o. c., spanning 16' - No girder since 
roof Is clear span, flat or pitched 
Afaterial Size Quantit!l Unit1 Unit price Cost 
1 joist_ _____ ____ ___ 2 x 12-18'-- --- 36 BFM __ _ _ $0. 145 $5. 22 
Floor area 2X16=32 sq. ft. 
Total material, 100 sq. ft. of floor (100/32X5.22) ______ ____________ 16.31 
Labor 
Carpenter ______________________________ _ 
Labor _______ _________ ---------- ---------
Man-hour8 Hourl11 rate 
0.313 $2. 50 
.155 1. 50 
Cost 
$0.783 
0. 232 
1. 015 
Total labor, 100 sq. ft. of floor area (100/32Xl.015) ------------- 3. 17 
Total material and labor____________________________________ 19. 48 
FLAT OR PITCHED ROOF.-2" x 12" header, 4" batt Insulation, plate, and 
asbestos cement strip 
Material Size Quant it !I 
304 
202 
304 
177 
Units Unit price Cost 
Header------------ 2 x 12-152'----
Sill plate __ ________ 2x8-152'-----
Batt insulation ____ 4" x 2' x 152'- -
Asbestos-cement 14"x152'x ~~" 
board. 
Nails ______________ {4dd, galvanized 
10 , common 
BFM _____ $0.145} $ 
BFM ____ . 145 73· 37 
Sq.ft_ ___ . 08 24.32 
Sq.ft_ __ _ .115 20. 36 
Pound __ _ 
2~\ __ do ____ _ 
. 18 
.13 
.18 
. 357 
118.587 
Floor area=16X60=960 sq. ft . 
Total material, 100 sq. ft . of floor area (100/960X118.59) __________ 12.35 
Labor 
Carpenter ______________________________ _ 
Labor __ ---------------------------------
Man-hour~ Hourl11 rate 
32.99 $2.50 
1. 37 1. 50 
Co8t 
$82.50 
2.05 
84.55 
Total labor, 100 sq. ft. of floor area (100/960X84. 55) _____ _______ 8. 81 
Total material and labor ___________________________________ _ 21.16 
FLAT OR PITCHED ROOF.- Anchor bolts, washers, plates 
Material Size Quant it !I Units Unit price Cost 
Anchor bolts ______ H"x 18"----- 19 Each _____ $0. 234 $4. 45 
Washers ___________ H"----------- 19 ___ do _____ . 0125 . 238 Plate ______________ 3"x3"x !)i e"- 19 ___ do _____ . 07 1. 322 
Material, 960 sq. -------------- -------------------- ________ . _ 6. 010 
Total material, 100 sq. ft. of floor area (100/960X6.01)_ ____________ . 626 
Labor 
Included in placing of sill plates. 
Floor Framing-32' Span 
Man-hour~ Hourl11 rate Cost 
FLAT OR PITCHED ROOF.-Jolsts 2' o. c., spanning 16' 
Material Siu Quantit!l Units Unit price Cost 
$0. 145 $10. 44 2joists _____________ 2 x 12- 18'----- 72 BFM ___ _ 
Floor area=2X32=64·sq . ft. 
Total material, 100 sq. ft. floor (100/64X10.44) _____________________ $16.-31 
Labor 
Carpenter ______________________________ _ 
Labor __________________________________ _ 
Man-hour~ Hourl11 rate 
0. 626 $2. 50 
. 310 1. 50 
Colt 
1.566 
. 464 
2.030 
Total labor, 100 sq. ft. of floor (100/64X2.030)--------------------- 3. 17 
Total material and labor--· ------------- ---- --------------- -- -- 19. 48 
PITCHED ROOF ONLY.- No bearing partition (longitudinal girder, 8' span) 
Material Size Quantit!l Unit1 Unit price Co1t 
Girder _____________ 2- 2 X 14-8'--- - 37.3 BFM __ __ $0.145 $4. 408 
Framing anchors ___ 
--------------
2 Each _____ .111 . 222 
Nalls _____________ _ 12d ___________ 
. 150 Pound __ _ .13 . 022 
4. 652 
Floor area=8X32=256 sq. ft. 
Total material, 100 sq. ft. floor (100/256X4.65) _ ----------------- - ·- 1. 82 
I-a.bor Man-hour~ Hourl11 rate 
Carpenter _______ ----------------________ 0. 324 $2. 50 
Labor ____ --- -- --------------- - ---------- . 161 1. 50 
Cost 
$0.81 
. 241 
1. 051 
Totallabor, 100 sq. ft. floor (100/256Xl.051) __________ ____ ----------- . 411 
Total material and labor ______________________________________ -- 2. 231 
FLAT ROOF ONLY.- With bearing partition (longitudinal girder, 8' span) 
M aterial Size Quantit!l Unit1 Unit price Cost 
1 girder ____________ 2- 3 X 12-8'- - -- 48 BFM ___ _ $0.145 $6.96 
Framin g anchors ___ 
--------------
2 Each _____ .111 . 222 
Nails ______________ 3Qd ___________ 
.3 Pound ___ .13 . 039 
Cost, 8' length __ _ 7. 221 
Floor area =8X32=256 sq.r t. 
Total material, 100 sq. ft . (100/256X7.221) __ _ ------------ - -------- 2. 820 
Labor Man-hours Hou rl11 rate 
Capenter __________ --------- _ ------------ 0. 432 $2. 50 
Labor ____________ -----------------______ . 192 1. 50 
Total labor, 100 sq. ft . of floor area (100/256X1.368) _ - -------------
1. 368 
.534 
Total material and labor-- -------------- ~ --- - -- - ----- - ----- - ---- 3.354 
FLAT OR PITCHED ROOF.- 2" x 12" header, 4" batt Insulation, plate 
asbestos cement strip 
Material Size Quantit!l Units Unit price Co1t 
Header____________ 2 x 12-124'-- - -
Sill plate __________ 2 x 8-124'-----
248 BFM ____ $0: !~5 }$5{1. 885 
165 BFM ____ 
Batt insulation ____ 4" x 2' x 124' __ 
Asbestos-cement 14 'x 124' x ~, 
board. 
Nails ______________ {4d, galvanized 
10d, common_ 
248 Sq.ft__ ___ 
144 Sq . fL --
Pound ___ 
2~ -----do ____ 
Floor area=32X30=960 sq. ft. 
.08 19.84 
. 115 16. 56 
.18 .18 
.13 .29 
96. 755 
Total material, 100 sq. ft. of floor area (100/960X96.76) ___ ________ 10. 08 
Labor Man-hour~ Hourl11 rate 
Carpenter ___ ------------- - -------------- 26. 92 $2.50 
Labor _______ ,_ __________ ________________ 1.12 1. 50 
Co1t 
$67.30 
1. 675 
68.975 
Total labor, 100 sq. ft. of floor area (100/960X68.975) _______________ 7.18 
Total material and labor _____________ ------------------_______ 17.26 
FLAT OR PITCHED ROOF.- Anchor bolts, washers, plates 
Material Size Quantit!l Units Unit price Coil 
Anchorbolts ______ W'xl8"----- 16 Each _____ $0.234 $3. 74 
Washers___________ W'----------- 16 _____ do____ . 0125 . 20 
Plate ______________ 3"x3"x!)ie"- 16 _____ do____ .07 1.12 
Material , 960 sq. fL _ ----------- ____ ---------------------------- _____ 5. 06 
Total material, 100 sq. ft . of floor area (100/960X5.06) ____________ 0. 528 
Labor 
Included in placing of sill plates. 
Man-hours Hourl11 rate Cost 
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Foundations-16' and 32' Span 
fLAT OR PITCHED ROOF 
Item 
Crawl space construction: 
16' span. ___ -------------------
Quamitv 
960 
152 
8 
Unit& 
Sq. ft ______ 
Lin. ft _____ 
Piers _______ 
Unit 
price Co&t 
$0. 1025 $98.50 
4. 05 615.00 
5.525 44.20 
757 70 
Cost, 100 sq. ft. floor {100/960X$757.70) _______________________ 78.90 
32' span. __ ---------------- ____ 960 Sq. ft ______ . 1025 98.50 
124 Lin. ft _____ 4. 05 503.00 
Piers _______ 5. 525 22.10 
Cost, 100 sq. ft. floor (100/960X$623.60) ____________________ _ 
623.60 
65.00 
Slab construction: 
16' span-Flat or pitched _____ _ 960 Sq. ft. .____ . 367 352. 00 
152 Lin.ft _____ 4.77 725.00 
1, 077.00 
Cost, 100 sq. ft. of floor (100/960X$1,077) ________________ -------- 112.00 
32' span-Pitched _____________ _ 960 Sq. ft._ ____ .367 352.00' 
124 Lin. ft .____ 4. 77 591. 00 
943.00 
Cost, 100 sq. ft . of floor (100/960X$943)__ _____________________ 98.25 
32'span-Flat (add to above) _ 30 Lin. ft..___ 1. 44 
Cost, 100 sq. ft . of floor (100/960X$986) ____________________ _ 
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43.20 
986.20 
102.00 
Concrete Blocks in Foundation Walls 
Item 
Mortar, 3 cu. ft.: 
Material: 
Sand._-- ------------------
Mortar mix _______________ _ 
Quamitv Unit& 
Unit 
price 
300 Pound _____ (t) 
Bag________ 1. 20 
Cost, 3 cu. ft. or mortar__ ------------
Cost,1 cu. ft. of mortar .. ----------------------------------
Block masonry, 100 blocks: 
Material: 
Blocks, 8 x 8 x 16 hollow 
concrete. 
Mortar ___________________ _ 
Labor: 
Mason ____________________ _ 
Helper ____________________ _ 
100 
3. 4 
3. 1 
Block ______ 
. 21 
Cu. ft.. ____ 
. 57 
Hours ______ 3. 50 
.... do _______ 1.50 
CO&t· 
$0. 51 
1.20 
1.71 
.57 
21. 00 
1.71 
11.00 
4. 65 
39. 26 
Hollow units, cost per block _______________________________ . 3926 
Material: 
Blocks-solid concrete ____ _ 
Mortar-- ------------------
Labor: 
Mason. ___ ----------------
Helper ____________________ _ 
100 
3 
3.4 
3. 1 
Block __ ____ 
Cu. ft__ ____ 
Hours ______ 
.... do ______ 
.185 
. 57 
3. 50 
1.50 
18. 50 
1. 71 
11.90 
4.65 
36.76 
Solid units, cost per block._ ------------------------------- . 3676 
Material: 
Blocks-special formed . __ _ 100 Block ______ . 50 
Mortar ___________________ _ 3 Cu. ft ______ . 57 
Labor: 
Mason ____________________ _ 3. 4 Hours ______ 3. 50 
Helper ____________________ _ 3.1 .... do ______ 1.50 
Special formed blocks, cost per block _____________________ _ 
t $3.40 per ton. 
50.00 
1.71 
11.90 
4.65 
68.26 
.6826 
Description 
Physical data 
Thick- -----...-----1 
ness 
Sizes Wgt./sq. ft . 
Cost per sq. ft . 
Span 
APPENDIX E 
Curtain Wall Materials 
Strength and stiffness data 
Deflection 
Roof load 
30#/sq. ft. 
Wall load 
18#/sq . ft . 
Support 
required 
------------ ----1------1--·---
1. Solid core of laminated 
cane fiber insulating 
board, cement-asbestos 
board facings. 
2. Solid core of wood fibers 
chemically treated and 
coated with portland 
cement binder. 
NP ... No paper. 
WP ... Witb paper. 
FIS . .. Faced one side. 
3. Ribbed hollow core of 
structural plastic. In-
sulated. Plastic faces. 
Baked enamel finish. 
4. t Solid core of calcium-sili-
cate with asbestos-ce-
ment facing. For walls 
only. 
5. Solid core of mineral base 
and reinforcing mineral 
fibers. Welded wire 
mesh reinforcing. For 
roof only. 
6. Ribbed hollow core of 
glass fiber reinforced 
plastic. Insulated. 
7. Solid core of wood fibers 
bonded together with 
thermal setting inor-
ganic cement. For roof 
only. 
8. Honeycomb core with W' 
plywood faces. 
Inches 
1~ oi' X 6', 8', 9', 
lO', and 
12'. 
1%6 4' X 6', 8', 9', 
10', and 
12'. 
2 
4 
4' X 6', 8', 9', 
10', and 
12'. 
2' 8'' X 8' .... 
2' 8" X 8' - ---
2' 8" X 8' .... 
2' 8" X 8' .... 
Pounds 
3.9. _ _ _______ $0.40. ________________________________ ---------------- __ ------ _____ ___ Supported on 4 
sides.I 
4.7 __ -- ------ $0. 44 _______ _____ _______ 4' __ --------- 0.12"=L/400 ... 0.072"=L/667 .. ____ .do ________ _ 
5'. ---------- 0.15"=L/400 ... 0.09"=L/667 ___ ----------------
5.4 . _. ____ ___ $0.515. _. --------------- 6' _ _ _________ 0.156"=L/462.. 0.09~" =L/769 .. ____ .do ....•.... 
NP WP FIS 
2.8 .. ------- -· $0. 17 $0. 175 $0.26 
5.8 __________ 
. 27 . 28 . 36 
7.8 .. -------- . 365 . 37 . 455 
9.5 ________ __ 
.4575 .46 . 55 
8' _ _ _ ________ 0.208" =L/462.. 0.125" =L/769 .. ----------------
2' 8" -------· 0.0655"=L/490 0.039"=L/820 .. Use special 
clips, if not 
supported 4 
sides. 
Data not Data not -------- -------- ..... do ........ . 
available. available. 
_____ do ....... ___ .. do _________ -------- ____________ .do ________ _ 
1(12" width) E Flex. 
4' x 8' _ ---- -- 2.6 . _ -- ------ ___ ------------------ ____ 8' . _ _________ 0.605" •-------- 1.21 x 10. _______ Supported on 
1% 4'x8' ------- 3.4 __________ $2 delivered Chicago 
area. Insulation 
extra. 
two short 
ends. 
8' _ _ _________ 1.75" .. _________ 2.625 x 10 ....... ____ .do .......•• 
Deflection- Deflection-
Not calcu- Not calcu· 
lated. lated. 
2 4' x 8' _ ______ 6.25. ________ ------------- ----------- - 8' _ _ ______ ___ 0.348"=L/276 .. 0.209=L/460 ... ____ .do ....... •• 
6' ----------- 0.261"=L/276 .. 0.156=L/460 .. . 
4' ----------- 0.174=L/Z76 ... 0.104=L/460 .. . 
2% 1W x 3' ..... 5 ____________ ------------------------- 3' ----------- 0.0175=L/1940. 0.0105=L/3200 ...... do ......• •• 
3~16 4'x8' ------- 1.88withno 
insulation. 
8' _. _________ No residual 
deflection 
noted. 
No residual ..... do ....... •. 
deflection 
2 2'6"x5'to 
9'. 
2' 6" x 6' to 
10'. 
Standard 4' 
(up to 8' 
X 24') 
noted. 
4____________ $0.36 . _ ----·---- --- ----- 3' 6" .. ------ 0.15=L/280.... 0.09=L/467 .... ----.do ........ . 
6____________ $0.54 . _ ----------------- 5' _ _ _________ 0.25=L/240 .... 0.15=L/400 .... Has tongue and 
groove on 2 
long sides. 
2.16. _ _____ __ $1.30 . ________________ .. 8' .. --------- 0.195"=L/492 .. 0.117=L/820... Supported on 
two short 
ends. 
1 Structural purlins, 4' o. c., perpendicular to primary frame. 
2 Manufacturer bas temporarily withdrawn this product from the market. The reason is not known. 
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Manufacturers' Data 
Strength and 
stiffness 
data- Con. 
Safety factor 
Ultimate nail-holding power 
Shear (failure Pulling 
of facings) (through top 
face) 
U values 
insulation 
Vapor transmis-
sion 1.25 gr./hr./ 
sq. ft . is max. 
acceptable 
Sound trans-
mission (40db 
is acceptable 
minimum) 
Nailability Dimensional 
stability 
Resistant to-
Fko I Tonnlt'" 
------------1---·----1·-----·1-----·-- -- ---------1-------1------- ------ -----
4 ____________ Sd-301#/naiL _ Sd- 150#/naiL _ 0.28 _________ -------------------- 39.8 db for 
4 ____________ Sd-241#/naiL _ 8d-192#/naiL _ 0.20 _________ 2.525 gr./hr./sq. fL 
4 ____________ 10d-370#fnaiL Sd- 241#/naiL _ --------- ----- ---------------- ----
____ ---------- 12d-399#/naiL 8d-220#/naiL _ 0.16 ___________ ------------ _____ _ 
__ __ _ _ _ _ ____ _ _ __ _ _ _____ _ _ _ _ ___ 16d- 287#/naiL __________________________________ . 
Low-density does not afford 
nail-holding qualities-Use 
lag screws. 
0.555 ________ NP ___ Unsatis-
___________________ do .------------------------ 0.268 _______ _ 
factory 
for rain 
and 
wind. 
No data 
Satisfac-
-------------- _____ do _________________________ 0.176 ________ WP ___ tory 
__ __ ---------- ___ __ do _----------------------__ 0.132 __ ------ FlS __ _ 
panel, 1~" 
frame with 
1~" board/ 
side. 
In all cases, 40 
db with W' 
plaster each 
face. 
Ultimate Does not use nails ______ ------- · 0.34 _________ -------------------- Given only 
tensile-=5.&-
10tons{sq. 
in. for 
both. 
_____ do ___________ .do __ --·-------------------- 0.25. _____ __ _ 
for two, 
panels-air-
space 
between. 
Ultimate= 
2920 
pounds. 
Shows screws- no data _________ 0.30 -------- 1.22 gr./hr./sq. ft_ __ Averaged 42 
Ultimate= 
250 p. s. f. 
4 minimum _ 
__ _ do _________ 
Galvanized roofing nail gives 
12-13 p. s. i. of penetration. 
20dcommon. 
Sufficient for the "fastening of 
sheet metal work necessary 
to the job." 
_____ do _________________________ 
Roof tile= 
0.20 (with 
built-up 
roofl.ng-
0.19). 
Dependent 
on insula-
tion. 
0.066-
Flotofoam 
(3"). 
0.24 _________ 
0.16 ________ \ 
With 3" insula-
tion, negligible. 
Roofing felt 
applied to 
exterior at 
factory. No 
mention other. 
db. 
No data 
given-
states 
"Efficient" 
Average noise 
reduction 
coefficient is 
0.80. 
No predrill-
ing re-
quired. 
Use lag 
screws. 
Use self-tap-
ping 
screws, 
bolts, or 
glue. 
Shows 
screws. 
No predrill-
ing indi-
cated. 
Uses 20d 
common 
X 4". 
No predrill-
in g. 
Expansion 
joints for 
large areas. 
Incombus-
tible. 
Yes. 
Expansion _____ do _______ Yes (no 
18.013" to bottom 
18.015" in a 
24-hour 
soaking. 
Should allow 
expansion 
joints. 
Negligible 
expansion 
and con-
traction. 
0.04 of 1% 
after re-
peated soak-
ing and 
drying. 
plate re-
quired.) 
Nonflam- Yes. 
mabie. 
Incombusti-
b 1 e. 1-
hour 
rating. 
_____ do ______ _ 
Yes. 
Thermal ______________ Yes. 
expansion is 
16x 1()-0in./0 
F. Water 
expansion= 
0.4% in 24 
hours. 
0.15 of 1% lncombus- Yes. 
expansion tible. 
through 50 
to 98% RH 
and 70° F. 
0.197 __ ------ ------------------ -- ---------------- __ ____________ Should allow 
expansion 
joints. 
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